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Comments Submitted on Behalf of
Universal Oil Products, Inc. ("UOP")

Relating to the Torch Lake Superfund Site

Preliminary Statement

After four years of study, the United States

Environmental Protection Agency ("EPA") has produced a large

body of information demonstrating that the Torch Lake

Superfund site in Michigan's Upper Peninsula is a healthy

environmental resource that poses no significant risk to the

area's residents, visitors or wildlife. Rather than

welcoming this result, EPA has instead ignored virtually all

the data in the record and mischaracterized the rest in an

apparent attempt to justify a multimillion dollar "remedy"
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that is neither necessary, nor wanted by the affected

community, nor lawful under the CERCLA.i/

As required by CERCLA, EPA has solicited comments

from the public on its Proposed Plan for remediation. This

memorandum, together with comments by Geraghty & Miller, a

nationally recognized firm of environmental scientists and

engineers, is submitted on behalf of UOP Inc. to bring to

EPA's attention the uncontroverted data in the Administra-

tive Record demonstrating that no remedial action is appro-

priate with respect to the Torch Lake site.

As is more fully set forth below, adoption of the

Proposed Plan would be unlawful under CERCLA because EPA's

soil and vegetation remedy does not advance the statute's

goals or comply with EPA's own regulations implementing the

statute.2' As demonstrated in the Administrative Record,

The Comprehensive Environmental Response, Compensation,
and Liability Act, 42 U.S.C § 9601 et sea, (hereinafter
"CERCLA" or the "Superfund Law").

Specifically, as demonstrated herein and in more detail
in the Geraghty & Miller comments, when compared to the
no action alternative, the Proposed Plan fails to
advance CERCLA's goals to any meaningful degree as
measured by the National Contingency Plan's threshold
and primary balancing criteria: (1) it fails to
provide overall protection of human health or the
environment to a significant degree beyond that
provided by the no action alternative; (2) it fails to
assure compliance with any applicable or relevant and

(continued...)
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the no action alternative satisfies the National Contingency

Plan ("NCP") threshold criteria, and based on the NCP

balancing criteria, it is more appropriate than the proposed

remedy for Torch Lake. The no action alternative is protec-

tive of human health and the environment, attains all

applicable or relevant and appropriate requirements

("ARARs") and, obviously, is more cost effective than the

Proposed Plan. In situations such as this one, the NCP

requires EPA to base its selection of a remedial action on

cost effectiveness: "Each remedial action shall be cost

effective, provided that it first satisfies the threshold

criteria [of overall protection of human health and the

environment and compliance with ARARs].... A remedy

shall be cost effective if its costs are proportional to its

overall effectiveness." 40 C.F.R. § 300.430(f)(1)(ii)(D).

-'(... continued)
appropriate requirements beyond that assured by the no
action alternative; (3) it fails to advance long-term
effectiveness and performance goals to a significant
degree beyond that advanced by the no action alterna-
tive; (4) it fails to reduce toxicity, mobility or
volume through treatment; (5) it is less protective
than the no action alternative of short-term effective-
ness goals; (6) it will be considerably more difficult
and expensive to implement than the no action alterna-
tive; and (7) it is considerably less cost effective
than the no action alternative. 40 C.F.R.
§ 300.430(f)(1)(i).



P A U L , U ' E I S S , R I F K I N D , XS 'HARTON 6 G A R R I S O N

In rejecting the no action alternative, EPA

ignored uncontested data in the record demonstrating that

the site does not present any unacceptable risks to human

health, that wildlife and the environment show virtually no

adverse affects from tailings and slag, and that EPA's

remedy does not, in any way, address the agency's claims of

harm to health or the environment. Moreover, EPA fails

adequately both to explain how implementing the Proposed

Plan will not cause more environmental degradation than it

is intended to cure and to examine the Proposed Plan's long-

term effectiveness.

The Geraghty & Miller comments demonstrate that

EPA's justifications for its proposed soil cover and vegeta-

tion remedy consist of either outright misstatements of fact

("The reproduction of Yellow Perch has been hampered by the

continuous release of contaminants into Torch Lake." -—

There is no support for this in the record), misleading mis-

characterizations of the record ("Bald eagle nests have been

identified that may be threatened." — EPA's own studies

show this is false (USFWS 1991 - A.R. Doc. No. 191)), or

inherently contradictory double speak ("[U]nder a no action

alternative . . . RAOs [Remedial Action Objectives] . . .
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will not be met." — This statement is false, as demon-

strated by EPA's statement on the same page that "because

human health risks for OUI and OUIII are generally within

the acceptable range ... no action is a feasible alterna-

tive") .

This country faces very real environmental

problems, but Torch Lake is not one of them. In an era of

limited financial resources, it should be inconceivable that

a federal agency would allocate vast sums to an unnecessary

action on the basis of such a record. We urge EPA to

discharge its responsibilities under CERCLA and address in

detail each of the Geraghty & Miller comments and those

expressed herein. Based on a fair and reasoned examination

of the Administrative Record, EPA must conclude that no

action is the only alternative that lawfully can be selected

for Torch Lake.

I. Background

A. Site History

Michigan's Upper Peninsula is one of the few loca-

tions in the world where copper is found in virtually pure

form. As a result, for over 100 years the area, known as

the Copper Range, was the most productive copper producing

area in the United states. Mining and smelting operations
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began in the Copper Range before the American Civil War,

grew dramatically until the 1930s, and then gradually

diminished and ended in the 1960s.

Some by-products of the recovery of 5 million tons

of copper are large amounts of ore with low metal content

("poor rock"), sands from the crushing of copper containing

ore ("stampsands"), and slag (molten rock) from copper

smelting operations. In the Upper Peninsula, there are

large areas of poor rock, stampsands and slag.

Stampsands are generally found in water bodies

fe.g., Lake Superior, Torch Lake, Portage Lake and Dollar

Bay) because they were slurried for disposal pursuant to

federal permits. See, e.g., Appendix to Comments Submitted

on Behalf of Universal oil Products, Inc. by Paul, Weiss,

Rifkind, Wharton & Garrison (hereinafter "Appendix") at

Exhibit K. By its very nature, the area's soils are rich in

copper and other metals, and the distinction between

stampsands and other sands is often imperceptible.

B. EPA's Listing of the Site on the
National Priorities List______

In the early 1970s, students at a local university

conducted a study of growths in fish netted out of Torch

Lake. The study was alarming. It suggested that sauger and
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walleye taken from the lake possibly had cancerous growths.

In 1983, as a result of this study, the Michigan Department

of Health issued an advisory against consumption of fish

caught in the lake. Thereafter, the Michigan Department of

Natural Resources ("MDNR") asked EPA to list Torch Lake as

an "area of concern" in the Great Lakes Program and to

consider listing the lake and surrounding area on CERCLA's

National Priorities List ("NPL").

EPA nominated the Torch Lake area as an NPL site

in 1984. The site was listed on the NPL in 1986 primarily

as a result of the theoretical possibility that the

surrounding communities could be exposed to contaminated

groundwater. There was, however, no evidence of contamina-

tion of any water supply in the area; nor has any such

evidence emerged.

C. MDNR's Evaluation of Torch Lake Fish

Between 1980 and 1989, MDNR systematically

evaluated the fish in Torch Lake. MDNR's studies clearly

demonstrate that Torch Lake is a healthy and safe environ-

ment with a normal fish population. For example, MDNR's

evaluation of the fish in Torch Lake found the following:

Wot one of 455 Torch Lake fish which were caught
in 1986 had any tumors (BLACK 1987 and TVA 1987 -
A.R. Doc. No. 67);
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Torch Lake fish are among the least contaminated
of all the fish from lakes studied in Michigan
(MDNR 1990 - A.R. Doc. Wo. 118;;

A widely publicized study in the 1980 's stating
that fish tumors were increasing was without merit
(MDNR 1987 - A.R. Doc. No. 56; MDNR 1989 - A.R.
Doc. No. 67), and the mid-1970fs study finding
cancerous growths in fish was, in all likelihood,
incorrect as well;

No significant concentrations of cancer causing
substances have been found in Torch Lake (MDNR
1989 - A.R. Doc. No. 108);

Torch Lake, based on MDNR and EPA studies, is safe
for swimming and has had no significant adverse
affect on .fish (MTU 1984 - A.R. Doc. No. 41; MDPH
1984 and WUPDHD 1984 - A.R. Doc. No. 40); and

Studies show that stampsands, in fact, have
released almost no contaminants into Torch Lake
(VSDI 1991a - A.R. Doc. No. 172; USDI 1991b - A.R.
Doc. No. 194; Rose et al. 1986 - A.R. Doc.
No. 50) .

D. EPA's Study of the Site

EPA began preparing the Torch Lake site remedial

investigation and feasibility study ("RI/FS") in 1988. The

site was divided into three "Operable Units." Operable

Units I and III are, respectively, Torch Lake's western

shore and twelve distant tailings and slag locations in the

Upper Peninsula. Operable Unit II consists of the waters of

Torch Lake, tailings and sediment at the bottom of the lake

and the site's groundwater. The final RI/FS report on

Operable Unit II is scheduled for completion in 1993.
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Like MDNR's evaluation of the Torch Lake fish

advisory, the RI/FS for Operable Units I and III provides a

virtual clean bill of health for Torch Lake. For example,

the RI/FS contains the following conclusions:

.Even using EPA's very conservative method of
assessing cancer risks, no significant cancer risk
exists (G&M 1992a; G&M 1992b). Based on overly
conservative assumptions about ingesting slag and
stampsands, EPA concluded that the increased risk
of cancer was less than that caused by smoking a
few cigarettes over a lifetime (Donahue 1992 -
A.R. Doc, No. 198). In fact, EPA acknowledges
that these risks are not sufficient to justify any
action;

Torch Lake area residents do not display any
adverse health effects as a result of poor rock,
slag or stampsands or water which has come into
contact with these substances (ATSDR 1989 - A.R.
Doc. No. 73);

Stampsands have no significant potential for
leaching copper or other metals into groundwater
(USDI 1991a - A.R. Doc. No. 172; USDI 1991b - A.R.
Doc. No. 197; Rose, et al. 1986 - A.R. Doc. No.
50). Nor are stampsands affecting Torch Lake's
water quality;

Torch Lake area eagles and gulls have suffered no
demonstrated adverse impacts (USFWS 1991 - A.R.
Doc. No. 191);

Studies of fish confirm that the Torch Lake fish
population is not contaminated (MDNR 1986 - A.R.
Doc. No. 52; MWRC 1970 - A.R. Doc. No. 17; MDNR
1990 - A.R. Doc No. 118); and

Water and wind are not significant vehicles for
the transportation of stampsands or slag materials
into Torch Lake (MDNR 1987 - A.R. Doc. No. 56;
Rose, et al. 1986 - A.R. Doc. No. 50).
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II. EPA's Proposed Plan Violates CERCLA

One reads in vain for any clear reference in EPA's

Proposed Plan for Torch Lake to these undisputed findings.

Instead, EPA has ignored most of the data and mischarac-

terized the rest in a transparent attempt to justify a

proposed remedy that requires 1,000 acres of stampsands and

slag to be covered with topsoil and vegetation at an

estimated cost of $7.2 million. The Administrative Record,

as clarified by Geraghty & Miller's comments (G&M 1992b;

G&M 1992c), demonstrates that this proposed remedy violates

CERCLA.

A. There are No Unacceptable Health Risks
Presented by Torch Lake; Accordingly,
The Proposed Plan is Unjustifiable

EPA states that soil cover and vegetation are

necessary to reduce carcinogenic and noncarinogenic risks

posed by the areas to be remediated. This position is

demonstrably wrong, and we specifically request EPA to

explain it in light of the following comments.

1. EPA has acknowledged in public and has stated in
the FS and Proposed Plan that its hypothetical
calculations of cancer risks produce numbers in
EPA's acceptable range. In fact, in the Proposed
Plan, EPA acknowledges that "[bjecause the human
health risk for OUT and OUIII are generally within
U.S. EPA's acceptable range" the no action alter-
natives for the tailings and slag areas "are
feasible alternatives."
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2. Studies of Torch Lake area residents reveal no
abnormal instances of carcinogenic or noncar-
cinogenic illness.

3. EPA's estimates of cancer risks, which it in fact
found acceptable, were based upon unrealistic and
overly conservative assumptions and were calcu-
lated in a manner that is inconsistent with EPA
guidance documents in at least the following
respects (G&M 1992b):

(a) The fact that the slag is inedible was not
considered when conclusions were drawn about
the ingestion risks;

(b) Period of exposure estimates are unrealistic-
ally high, and many of these estimates do not
agree with EPA recommended exposure periods;

(c) Soil ingestion rates are excessive as they
are based on unrealistic assumptions about
the exposure of workers to soil;

(d) Soil and slag ingestion and inhalation rates
are excessive as they fail to account for the
average 149 days of annual snow cover that
blankets the entire area;

(e) Inhalation rates for children are inaccurate
and do not follow EPA guidelines;

(f) The assumption that all chromium on-site is
hexavalent chromium cannot be supported in
science and is overly conservative; and

(g) Background concentrations of copper, arsenic,
beryllium and other contaminants were not
considered when assessing the risks from
these contaminants. For example, soil
samples from local residents' backyards,
which have not been affected by the tailings
or slag, show cancer risks greater than the
areas slated for remediation. The failure to
consider background conditions violates EPA
guidance documents for risk assessments.
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These unrealistic assumptions, when combined in
EPA's risk calculations, improperly magnify risks
by many times. The effect of this approach has
been best described by EPA's former Assistant
Administrator for Policy, Planning and Evaluation:
"Multiplying large uncertainties associated with
each factor in the estimate [of health risks]
leads to cascading conservatism in decision
making.*1 L. D. Maxim, Problems Associated With
The Use of Conservative Assumptions in Exposure
and Risk Analysis, in The Risk Assessment of
Environmental and Human Health Hazards; A
Textbook of Case Studies 526, 535 (Dennis J.
Paustenbach ed., 1989) (See Appendix at
Exhibit E). For precisely these reasons, EPA
stated in its February 26, 1992 "Guidance on Risk
Characterization For Risk Managers" as follows:

If only limited information on the distri-
bution of the exposure or dose factors is
available, the assessor should approach esti-
mating the high end by identifying the most
sensitive parameters and using maximum or
near-maximum values for one or a few of these
variables, leaving others at their mean
values. In doing this, the exposure assessor
needs to avoid combinations of parameter
values that are inconsistent, e.g.. low body
weight used in combination with high intake
rates, and must keep in mind the ultimate
objective of being within the distribution of
actual expected exposures and doses, and not
beyond it.

The Torch Lake Risk Assessments, in failing to
conform to this guidance, follow a practice
repeatedly condemned by members of the scientific
community .H-

See generally Appendix; see also Philip Abelson,
"Incorporation of New Science and Risk Assessment,"
Science. Vol. 250, No. 4987 at p. 1497 (Dec. 14, 1990)
("Based upon its current modes of risk assessment, EPA
is embarked upon programs that will cost hundreds of

(continued... .)
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EPA's assertion that copper in stampsands and slag
produces a non-carcinogenic "subchronic hazard
index of more than 1.0 for children living near
the slag pile beach in Hubbel" is simply wrong.
Putting aside that ingestion of slag is inconceiv-
able and that, as described above, EPA's assump-
tions concerning slag ingestion rates are overly
conservative, the RAs simply ignore the following
critical information:

(a) Both the OUI and OUIII Risk Assessments state
that the hazard index is not a valid indi-
cator of non-carcinogenic risk significance
at the site (OUI RA at 5-5; OUIII RA at 5-
16) ; and

(b) EPA improperly calculated in the RA a "refer-
ence . dose" (RFD) for estimating toxic effects
of .037 mg/kg of body weight per day. How-
ever, in the same paragraph, EPA concluded
that copper, which is an essential nutrient,
has a "relatively low oral toxicity to humans
and intakes of up to .5 mg/kg/day (35 ing/day
for an adult) are not expected to cause
adverse effects (NAS 1989)" (OUI RA at 4-14).
In fact, the estimated daily intake of copper
on which EPA based its assertion of a hazard

-' (.. .continued)
billions of dollars, but will have little impact on
human health") (Appendix at Exhibit A); C. Travis and
C. Doty, "Superfund: A Program Without Priorities,"
printed in Environmental Science Technology, Vol. 22,
No. 11 at 1333 (1989) ("[W]e found that before remedia-
tion, 70% of all Superfund sites had risk levels
in ... the same range that EPA targets as acceptable
after remediation. Although estimates of future risks
were often high, these estimates were based upon hypo-
thetical exposure scenarios. . . . [Gjiven the limited
resources of Superfund, the immediate focus should be
on identification of sites where risk is real and
current") (Appendix at Exhibit D); Peter Passell,
"Experts Question Staggering Costs of Toxic Cleanups,"
The New York Times, at p. Al (Sept. 1, 1991) (Appendix
at Exhibit F).



P A U L , W E ISS, R I F K I N D , W H A R T O N & G A R R I S O N

14

index transgression is significantly less
than the recommended safe and adequate range
of dietary copper intake for adults (i.e.,
1.5 to 3 mg/day). Subcommittee on the Tenth
Edition on the RDAs, National Research
Council, Recommended Dietary Allowances (10th
ed. 1989) (Appendix at Exhibit I).

B. Torch Lake is a Healthy and Productive
Environment; Accordingly, the Proposed
Plan is Unjustifiable______________

The Proposed Plan and the FS also assert that the

soil cover and vegetation remedy is necessary to protect the

environment based upon the following statements: "Rain

water or winds carry tailings into the surface water or

sediments;" "Natural plant communities have been unable to

develop because of the chemical and physical characteristics

of the tailings;" "Sediment contamination has had an adverse

affect on the lake bottom ecosystem;" "[Sediment contamina-

tion] may be affecting fish reproduction and population;"

"The tailings piles have destroyed natural habitats, such as

wetlands . . . which in turn has resulted in the loss of

migratory and residential animal populations;" "[A]rsenic

from OUT tailings may leach into the groundwater;" "[T]he

tailings over the water's edge continue to degrade the

environment and are a continuing source of contamination to

water bodies;" "Bald eagles may be adversely affected by

direct and indirect exposure to contaminated media at the
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site . . .;" "The reproduction of Yellow Perch has been

hampered by the continuous release of containments into

Torch Lake."

These assertions are either directly contradicted

by studies in the record or address the self-evident truth

that the tailings and slag have physically altered the

natural characteristics of the area. The latter observation

can be said of every manifestation of man's presence on

earth and is not a justification for remedial action under

CERCLA.

The data in the record, as opposed to EPA's

unfounded speculations, are described below. Again, we

request that EPA explain how and why the Proposed Plan is

necessary or legal in light of each of these studies.

1. Studies in the Administrative Record show- that
stampsands do not have any significant potential
for leaching metals, including copper and arsenic,
into groundwater (USDI 1991a - A.R. Doc. No. 172;
USDI 1991b - A.R. Doc. No. 191; Rose, et al.
1986 - A.R. Doc. No. 50). Nor do any studies show
that stampsands and slag are affecting Torch Lake
water quality.

2. The only relevant study in the record shows that
there is no significant transportation of stamp-
sands or slag into Torch Lake by either wind or
rainwater (Rose, et al. 1986 - A.R. Doc. No. 50;
MDNR 1986 - A.R. Doc. No. 56).

3. Studies of eagles and gulls show that birds in the
area have suffered no adverse affects from stamp-
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sands or slag in the Torch Lake area (USFWS 1991 -
A.R. Doc. No. 191).

4. In 1988, MDNR collected 455 fish from Torch Lake.
No tumors were identified in any of these speci-
mens (MDNR 1989 - A.R. Doc. No. 108; MDNR 1990 -
A.R. Doc. No. 118).

5. MDNR testing of contaminants in fish taken from
Torch Lake shows that these fish are among the
least contaminated of all fish in lakes studied in
Michigan (MDNR 1990 - A.R. Doc. No. 118).

6. No significant concentrations of cancer causing
substances have been found in Torch Lake (MDNR
1989 - A.R. Doc. No. 108).

7. Torch Lake, based on MDNR and EPA studies, is safe
for swimming and has had no significant adverse
affect on fish (MTU 1984 - A.R. Doc. No. 41; MDPH
1984 and WUPDHD 1984 - A.R. Doc. No. 40).

8. A widely publicized study in the 1980's stating
that the number of tumors in fish is increasing is
without merit (MDNR 1987 - A.R. Doc. No. 56; MDNR
1989 - A.R. Doc. No. 67). In addition, the mid-
1970's study finding cancerous growths in fish is,
in all likelihood, also incorrect (Black 1987 and
TVA 1987 - A.R. Doc. No. 67).

Simply no data in the record supports the Proposed

Plan's conclusion that tailings and slag, unless covered by

soil and vegetation, degrade the environment in any mean-

ingful way. The only accurate statements in the FS and

Proposed Plan relate to the fact that the presence of

tailings and slag have altered Torch Lake's natural state.

This alone cannot justify a remedy under CERCLA, and in any

event, the proposed remedy does nothing to address that
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circumstance. The record shows that there is almost no

transportation by rain or wind of stampsands or slag into

Torch Lake. Thus, even if one were to accept the conclusion

that the benthic community was degraded, the soil and vege-

tation remedy does not address the issue. Nor will this

remedy in any way affect wetlands except perhaps adversely

because of the environmental disruption caused by imple-

menting it.

We challenge EPA to articulate a single circum-

stance in which scientific data show that a soil and

vegetation remedy is likely to ameliorate harm to wildlife.

While it is true that growing grasses on tailings and slag

could be seen by some as a laudable beautification project

for the Upper Peninsula, it is in no way appropriate to

mandate such a project under CERCLA.

Also, we challenge EPA to articulate, based upon

scientific data in the record, a single way in which the

proposed remedy will alleviate scientifically established

carcinogenic and non-carcinogenic health risks which are

unacceptable according to EPA criteria.

Finally, we challenge EPA to articulate, based

upon scientific data in the record, any meaningful benefit
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from its proposed soil and vegetation remedy that will not

also be accomplished by no action.

III. The Inappropriateness of the Proposed Plan is
Demonstrated by Other RODs Where the No Action
Remedy was Selected______________________

As noted above, EPA acknowledges that because the

human health risks for OUI and OUIII are within the accept-

able range the no action alternatives for both the tailings

and slag areas are feasible. The Proposed Plan requires

extensive remediation because EPA, presumably, perceives

that such remediation significantly furthers the NCP goal of

providing overall protection of human health and the

environment to the degree necessary to make the remediation

cost effective. The arbitrary nature of this conclusion is

further demonstrated by the fact that EPA has chosen the no

action alternative at many sites where the human health and

environmental risks were at least as great as, if not

greater than, those at Torch Lake.

We request that EPA explain why selecting the no

action alternative at Torch Lake would be significantly less

protective of human health or the environment than it is at

each site where it has been selected, but, at least, at each

of the following specific sites.
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Cecil Lindsey Site, Arkansas R06-86/009. This
5.2 acre site, located in the 10 year floodplain,
received wastes for salvage and disposal from the
early 1970's to 1980. The northern part of the
site was used as a municipal dump; the site
reportedly was used for the disposal of industrial
wastes; and EPA enforcement files suggest the
possibility of a substantial volume of waste at
the site. Inorganic and volatile organic
contamination in on-site soil exceeds background
levels; on-site groundwater consistently exceeds
background levels for inorganics; and off-site
surface water and sediment samples contain some of
the same inorganics found in on-site soil samples.
For example, in some on-site materials lead levels
were measured at 93 to 1392 parts per million
("ppm") with a mean value of 367 ppm, and lead
levels from two on-site road fill samples were
4190 and 4860 ppm. Lead levels in background
soils, however, ranged from only 2.4 to 9.7 ppm
with a mean value of 6.3 ppm. Inhalation of air-
borne particulates containing lead at the maximum
concentrations found in on-site soils and other
materials would exceed occupational standards for
a continuous 8-hour exposure over a forty year
period. The potential for the off-site migration
of contaminants exists. Other than the removal of
on-site drums containing hazardous substances, EPA
selected the no action alternative with site
access restrictions, the installation of two
monitoring wells and one year of groundwater
monitoring.

Highland Acid Pits. Texas R06-87/021. This site,
16 miles east of Houston, lies within the 10 year
floodplain, has subsided 2.4 feet since 1964 and
is bordered on two sides by the San Jacinto River.
During the 1950's, the site received unknown quan-
tities of industrial waste sludge believed to be
spent sulfuric wastes from a refinery process.
The primary groundwater contaminants are VOCs and
heavy metals. These contaminants -are present in
an underlying shallow aquifer and have penetrated
the region between this aquifer and a lower,
middle aquifer. The ROD notes that the middle
aquifer could become contaminated. Chromium has
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Jbeen detected in the San Jacinto River and/or
other surface waters* EPA selected the no action
alternative with long-term groundwater and surface
water monitoring.

3. Westline. Pennsylvania R03-90/086. This site,
completely surrounded by the Allegheny National
Forest and situated along the Kinzua Creek, was
the location of a chemical plant that deposited
tar material containing phenolic compounds and
polynuclear aromatic hydrocarbons ("PAHs") into
on-site lagoons and small canals, allowing the
material to migrate downhill toward the creek. In
1983, EPA conducted an immediate removal of 2,000
tons of tar and contaminated soil. Although a
1986 ROD required the excavation and off-site
incineration and disposal of an additional 2,340
tons of tar and contaminated soil, it did not
address another estimated 4,000 tons of tar. EPA
subsequently determined, based on an updated risk
assessment using more recent risk criteria for
PAHs, that the remaining tar and soil fail to pose
a potential carcinogenic risk greater than the
range of acceptable risks found at other Superfund
sites. EPA amended the 1986 ROD discontinuing
remediation requirements. As part of the no
action alternative, the site will be monitored and
reviewed again in five years.

4. M&T DeLisa Landfill, New Jersey R02-90/108. This
132 acre site includes a 39 acre area that was
used as a landfill. A shopping mall exists on 30
acres of the former landfill. Landfill gas is
generated at the site, and elevated VOC levels
have been detected. Although EPA identified a
potential human health risk from groundwater
contamination under a future use scenario, EPA
chose the no action alternative without even
evaluating any remedial action alternatives. EPA
transferred responsibility for the site to New
Jersey with recommendations for the implementation
of environmental controls including, inter alia,
restricting possible future use of on-site
groundwater, surface and groundwater monitoring,
and periodic indoor and outdoor air monitoring.
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IV. EPA Unlawfully Biased the Community
During the Public Comment Period

At the May 12, 1992 public meeting, a number of

area residents and municipal representatives opposed EPA's

Proposed Plan as a waste of funds. Some landowners also

expressed fears of potential CERCLA liability as potentially

responsible parties ("PRPs").

On May 24, 1992, an EPA employee appearing in a

radio interview stated that EPA would release all landowners

and municipalities and give them protection against contri-

bution claims, all without any monetary settlement, in

exchange for access to various locations within the Torch

Lake site. The EPA employee stated that EPA would only seek

monetary recovery from corporate PRPs.

Putting aside EPA's lack of authority to make such

•a "cumjiri*ci[rtnfx. -tfi. •Vir.i.-fc V^art, Vire Vj.in> *OwtfL *0wvafts •tfutfuwkftnftsj

reflect is both inappropriate and disturbing. Currying

political favor without regard to law is a further demon-

stration of EPA's arbitrary and capricious conduct. We know

of no precedent for such conduct.

We challenge EPA to explain how, under CERCLA, its

representatives lawfully can attempt to influence public

opinion in support of a proposed plan by proffering (during
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the comment period) to certain PRPs covenants not to sue and

contribution protection.

We further challenge EPA to explain the basis for

its conclusion that it can lawfully make determinations as

to covenants not to sue and contribution protection prior to

issuance of the Record of Decision and any meetings with the

PRPs in question.

Conclusion

The scientific data assembled as a result of EPA's

studies show that the Torch Lake site is a safe, healthy and

productive area. The data show that there is no meaningful

risk to people or the environment from conditions there.

The unsoundness of EPA's position is perhaps best illus-

trated by EPA's paradoxical and absurd statement that a soil

and vegetation remedy is necessary to protect public health

unless the area in qu&stion is made into a public park.

None of the justifications for remedial action

under CERCLA is present at the Torch Lake site. The vast

majority of the public in the area, as well as all local

governmental officials, strongly oppose EPA's Proposed Plan.

EPA should forthwith acknowledge that no remedial action is

appropriate for Torch Lake and should forthwith delist the
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site from the NPL. The data in the record permit no other

conclusion.

Gaines Gwathmey, III
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Incorporation of New Science into Risk Assessment

The Clean Air Act will eventually have some limited beneficial effect in reducing
chemical risks to human health. It will be implemented at considerable expense to
consumers. They will pay a subtle regressive tax, because industry will pass on to

them increased costs. The act will have substantial hidden costs in creating numbing
uncertainty in corporate planning and will probably lead to job losses in this country and
weakened ability to compete globally. The act will enhance greatly the bureaucratic clout of
the Environmental Protection Agency in its relations with industry. Principal beneficiaries
of the act will be lawyers and entrepreneurial engineers.

Congress recognized that implementation of the bill will require enormous expenditures.
Key members wished to be assured that the best science base available will be applied when
costly standards are imposed. Their concerns were manifested in provisions in the act that
stipulates, The Administrator of EPA shall enter into appropriate arrangements with the
National Academy of Sciences to conduct a review of. . . 'risk assessment methodology used
by the Environmental Protection Agency to determine the carcinogenic risk associated with
exposure to hazardous air pollutants....'" The act also states, "In conducting such review, the
National Academy of Sciences should consider ... the techniques used for estimating and
describing the carcinogenic potency to humans of hazardous air pollutants...."

The study and report produced by the National Academy of Sciences could have
consequences in other areas requiring risk assessment, including Superfund and the
Resource Conservation and Recovery Act. Based on its current modes of risk assessment,
EPA is embarked on programs that will cost hundreds of billions of dollars but will have
littie impact on human health. The questionable cornerstone of EPA policy is its dependence
on studies involving administration of huge levels of chemicals to rodents and highly
conservative modes of extrapolations to low doses in humans with the further assumption
that at trivial doses a carcinogenic effect exists. The current guidelines select the most
cancer-sensitive species as the yardstick despite the fact that it is known that biochemical and
other processes often differ greatly between animal species and humans.

The NAS review is to be completed not later than April 1993. It is to be submitted to
relevant congressional committees, to the adrninistrator of EPA and to a new, high-level
Risk Assessment and Management Commission. Three members arc to be appointed by the
President, six by leaders of Congress, and one by the president of the National Academy of
Sciences. The act directs this commission to make an investigation of policy implications and
appropriate uses of risk assessment in regulatory programs under federal laws to prevent
cancer and other chronic health effects that may result from exposure to hazardous
substances. The commission is directed to consider the report of NAS on risk assessment.
The commission is also, among other things, directed to evaluate "the accuracy of
extrapolating human health risks from animal exposure data. . . ."

The Clean Air Act also stipulates that the risk assessment report of NAS be considered
by the administrator of EPA. Before taking certain actions "the Administrator shall publish
revised Guidelines for Carcinogenic Risk Assessment or a detailed explanation of reasons
that any recommendations contained in the report of the National Academy of Sciences will
not be implemented."

Considerable evidence is already available that the standard EPA approach is outdated
and more will be forthcoming as detailed studies of metabolic and physiological processes
are made. Bruce Ames and his colleagues have produced substantial evidence that results of
effects of huge doses of chemicals in rodents are often misleading. A major study at the
Chemical Industry Institute of Toxicology has shown that carcinogenidty of formaldehyde is
nonlinear; it decreases far more rapidly than dose. Studies on dioxin have shown that the high
level of carcinogcnicity manifested in some animals is of doubtful relevance to humans.
Thirteen important substances including D-limonene (a constituent of citrus) and unleaded
gasoline, cause kidney tumors in male rats but do not similarly affect other rodents or humans.

The EPA still sets guidelines on carcinogenic risks based on the limited information
available during the 1970s. The agency needs to update its regulations as new facts arc
discovered. The study by NAS should lead to improved ways of identifying which
substances arc innocuous and which arc truly dangerous and to better methods of making
risk assessments in the light of scientific advances.—PHILIP H. ABELSON
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Letters

When Kin Correlations
Are Not Squared

In response to a number of inquiries
concerning the proportion of genetic vari-
ance in IQ explained by the MZA [monozy-
goric] correlation, we have prepared the
following explanation (Articles, 12 Oct., p.
223).

It is a common misunderstanding that the
intraclass correlation is squared to estimate
the proportion of variance explained by ge-
netic factors. Familial correlations represent
components of variance; they are not
squared (?).

The reason that the intraclass correlation
is not squared in our application is that the
quantity to be estimated is the proportion of
variance in twin A's IQ that is associated
with twin A's genotype, and not the propor-
tion of variance in twin A's IQ associated
with twins B's IQ. In the latter case, an
observed intraclass of 0.70 would be
squared to yield an estimate of 0.49 for the
proportion of IQ variance shared by the two
twins. In the former case, however, the
observed phenotypcs are imperfect indica-
tors of the underlying genotypes, so that the
correlation itself provides a direct estimate
of the proportion of IQ variance shared with
the unobserved genotype. The situation is
analogous to the estimation of reliability in
psychometrics whereby the correlation be-
tween two parallel forms of a test provides a
direct estimate of the proportion of ob-
served test score variance associated with
unobserved true score variance (that is, the
reliability of the test) (2).

THOMAS J. BOUCHARD, JR.
Department of Psychology, and

Institute of Human Genetics,
University of Minnesota,
Minneapolis, MN 55455

DAVID T. LYKKEN
Department of Psychology,

University of Minnesota, Minneapolis
MATTHEW McGuE

Department of Psychology, and
Institute of Human Genetics,

University of Minnesota, Minneapolis
NANCY L. SEGAL
AUKE TELLEGEN

Department of Psychology,
University of Minnesota, Minneapolis

REFERENCES AND NOTES

1. This result is best explicated by the use of a path
diagram, see R. Plomin, J. C. DeFrics, G. E. Me-
Gleam, Behavioral Genetics: A Primer (Freeman, New
York, 1990), pp. 238-239.

2. This issue is also explicated by A. Jenscn [Psychol.
Butt. 75, 223 (1971)] from the point of view of
reliability theory and die common elements formula
for correlation. Sec, also, the reply to Jensen by J. K.
Miller and D Lcvine, ibid. 79,142 (1973).

Frazil Ice

In the News & Comment article "Zebra
mussel invasion threatens U.S. waters" by
Leslie Roberts (21 Sept, p. 1371), reference
is made to <*frazzle" ice, **Frazil" is the
correct spelling for the type of ice that
blocked die Monroe, Michigan, water in-
take. This word, of French-Canadian origin,
describes ice formed in turbulent, super-
cooled water. The term, from an Old French
word meaning coal cinders (fraisti) appar-
ently came into use because of the appear-
ance of the ice.

STEVEN F. DALY
Ice Engineering Research Branch,

Cold Regions Research and
Engineering Laboratory,

Corps of Engineers,
Department of the Army,

Hanover, NH 03755-1290

Imprisoned in Sudan

Moneim Attia, an eminent environmental
physiologist from Khartoum, returned to
Sudan some years ago after training and
experience in Germany and Kuwait. His
goal was to develop research on the prob-
lems raised by the local climatic challenges of
his country. He was arrested in his home on
the night of 13 January 1990. He has been
detained without trial or accusation since
then. We understand that his treatment has
been inhumane in several ways, such as
being kept without communication with his
family, being frequently beaten, and being
kept blindfolded day and night for long
periods. His arrest was ordered by Lieuten-
ant General Omar Hassan Al-Bashir, head of
the Revolutionary Command Council for
National Salvation, Khartoum, Sudan.

We the undersigned environmental phys-
iologists urge our colleagues from all fields
to write to Lieutenant General Al-Bashir, as
well as to the ambassadors of Sudan in their
countries, saying that they are aware of the
bad treatment received by Moneim Attia
and that this treatment (absence of trial or
accusation, torture) violates several interna-
tional conventions: (i) the Convention
against Torture and Other Cruel, Inhuman
or Degrading Treatment or Punishment; (ii)
the Covenant of Civil and Political Rights;
and (iii) the U.N. Body of Principles.

We understand that several other scien-
tists are similarly detained in Sudan. What
we do to defend Moneim Atria will have the
general effect of helping protect all scientists
who choose to help their countries.

H. BMXNEL
Pathophysiologie, L'Arbresle Hospital,

69593 L'Arbresle Cedex, France
M. CAB AN AC

Department of Physiology,
Faculty of Medicine,

Laval University,
Quebec, GlK 7P4, Canada

R. HALES
School of Physiology and Pharmacology,

University of New South Wales,
Kensington (Sidney),

New South Wales 2033,
Australia

E. NADEL
John B. Pierce Laboratory, and

Yale University School of Medicine,
290 Congress Avenue,

New Haven, CT 06519
T. NAGASAKA

Department of Physiology,
Faculty of Medicine, Kanazawa University,

Kanazawa City, 920, Japan

Carcinogenesis Debate

In her News & Comment article discuss-
ing our papers on carcinogens (9 Nov., p.
743), Jean L. Marx says that our position is,
"Below the toxic dose, carcinogenesis would
not be a problem ... because there would
be no increased cell proliferation," that is,
thresholds are the general case. That is not
our view, as is clear from our papers. It is
reasonable to assume that low levels of
mutagcns might add a small increment to
our enormous endogenous level of DNA
adducts coming from oxidant by-products
of normal metabolism. However, the risk
should be considerably lower than predicted
by linear extrapolation from high dose tests
because increases in mitogenesis can be
unique to high doses and inducible general
defense systems act as a buffer at low doses.
The risk from nonmutagens at low doses
may be zero (for example, in the case of
saccharin). Our view, as can be seen in our
papers, is not that mitogenesis is a single-
factor explanation for carcinogcnesis. Rath-
er our view is that you cannot understand
muragenesis (and therefore carcinogenesis)
without taking mitogenesis into account
and that at high doses chronic mitogenesis
can be the dominant factor. This is also the
view of S. M. Cohen and L. B. Ellwein and
is supported by their work (Articles, 31
Aug., p. 1007).
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ABSTRACT
ti

Recent advances in risk assessment including more thoughtful approaches

to ranking the weight-of-evidence for establishing the categories for

carcinogens; biologically based dose-response modeling for carcinogens and

other health end points; and the use of more accurate scientific information

in exposure assessment are leading to refined outcomes from risk assessment.

This paper surveys the background of risk assessment, including its

conservative origins, and discusses the generalized approaches to hazardous

waste site risk assessment as established by EPA's Superfund Manual. These

approaches are compared to site assessments that can be developed using more

advanced site specific data. To provide an enhanced scientific data base, far

more attention must be focused on the risk assessment step of waste site

remediation, i.e., the theoretical risk may be significantly less than the

upper-bound risk established through the first screening exercise in risk



INTRODUCTION
•• -v

The broad practice of using risk assessment approaches for the evaluation

of suspected human carcinogens is about 12 years old. The primary departure

point was the announcement by the U.S. Environmental Protection Agency (EPA)

which adopted guidelines for assessing the risk of carcinogens and a policy to

regulate suspect carcinogens based essentially on a risk management approach.

The scientific basis was derived from the earlier experience of assessing the

risk of health impacts from radiation exposure. From a practical standpoint,

the use of risk assessment for carcinogens has received broad and general

endorsement. The early use of risk assessment of carcinogens relied heavily on

replacing the uncertainties in the risk assessment process with very conserva-

tive assumptions to make sure that, in no case, would the risk be underes-

timated. As the practice of risk assessment has become widespread, consider-

able attention has been focused on improving the scientific basis for evaluat-

ing each step of the risk assessment process: the weight-of-evidence indicat-

ing likely carcinogenicity, the dose-response relationships, and the environ-

mental exposures. Chemicals which are though to cause health or ecological

effects through threshold mechanisms are also being evaluated by risk assess-

ment approaches. More attention has been focused on the scientific relation-

ships that underlie the characterization of suspect carcinogens and their dose-

response relationships including extrapolation from animals to humans and from

high dose to low dose; far less attention has been focused on the exposure

assessment which can impact the outcome of the quantitative risk assessment by

certainly as much as the assumptions in the dose-response extrapolation part of

risk assessment. Recent advances in both areas when applied to hazardous waste

sites risk assessment, can substantially alter the outcome of the site-specific
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risk assessments. This paper will provide, an overview of scientific develop-

ments in risk assessment and describe how the use of these improved scientific

data may alter the outcome of the standard superfund risk assessment ap-

proaches .

Risk Assessment: An Overview of the Process

In 1976, EPA adopted the first policy for the use of risk assessment of

toxic chemicals which were suspected of being human carcinogens and accompanied

this policy statement with guidelines for the scientific risk assessment

process (EPA 1976; Albert et al. 1977). These guidelines were adopted in

response to the need of a major regulatory agency to develop a means for regu-

lating the presence of hundreds of suspected carcinogens in the environment

under numerous environmental legislative statutes which had been adopted by

Congress. In short, it was obvious that EPA could not regulate all suspected

carcinogens which were being identified in rapid succession as environmental

contaminants to a zero risk level as had been the risk goal of the Food, Drug

and Cosmetic Act's Delaney Clause. Such a goal had clearly been the objective

of the strong environmental movement which characterized the first half of the

decade of the 1970s. The adoption of guidelines for risk assessment, with the

implication that EPA planned to accept residual risk as a regulatory policy,

was initiated under the watchful eyes of the scientific community, the regu-

lated community, and the environmental communities. In short, there was

considerable skepticism about the approach as a basis for public policy because

of the substantial scientific uncertainties, particularly in quantitative risk

assessment. After the EPA action, several other endorsements followed. The

Inter-Agency Regulatory Liaison Group (IRLG) adopted similar scientific
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principles in 1979 (IRLG 1979). These guidelines were followed by the report

of the National Academy of Science which endorsed the use of risk assessment

and provided descriptive terms for leach step of the risk assessment process

which have now been adopted as a common vocabulary (NAS 1983). In addition,

the Office of Science and Technology Policy (OSTP) published similar scientific

principles in 1985 (OSTP 1985) and EPA has updated its earlier guidelines (EPA

1986). In short, the application of risk assessment to toxic chemicals for the

evaluation of scientific evidence that indicates that a chemical might be a

human carcinogen and also provides information as to the magnitude of current

and anticipated public health impacts has been endorsed and described in many

forums and also has been the subject of discussion in many scientific confer-

ences .

The process is generally described in four steps: hazard identification,

dose-response modeling, exposure assessment, and overall risk characterization

(NAS 1983). In practice, over the last 12 years, the hazard identification

step in risk assessment has relied on all of the available human, animal,

and/or in vivo or in vitro data to describe the weight-of-evidence that indi-

cates that a chemical might be a human carcinogen. At various times, the

weight-of-evidence has been stratified according to either the International

Agency for Research on Cancer (IARC) criteria (IARC 1982) or the more recent

EPA stratification scheme (EPA 1986a) for assigning a category to the weight-

of-evidence. While these two categorical schemes are very closely related, the

EPA scheme expands on the inadequate evidence labeled Category 3 in the IARC

criteria to include three additional categories: C to indicate evidence that

constitutes the category of "probable" carcinogen for humans; D to indicate

inadequate testing; and E to indicate negative evidence.
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Dose-response modeling has largely followed a linear nonthreshold hypothe-

sis for low-dose extrapolation as a basis for defining a "plausible upper

limit" on the risk meaning that th£ risks are unlikely to be higher but could

be considerably lower (Crump et al. 1977; Crump and Watson 1979; Crump 1981;

OSTP 1985; EPA 1986a). This model relies on the possibility that any suspected

carcinogen can induce cancer by a single hit phenomenon and makes no distinc-

tion for different biologically based mechanisms of cancer induction. To date,

other models which have variously been suggested for low-dose extrapolation

from high-dose data have been empirically based models which seek statistically

to define the best shape to the dose-response curve; they have not been based

on data which seek to describe the biological events which lead to cancer.

Other assumptions, such as those used to extrapolate animal responses to
-̂

humans, have been adopted which also have been chosen to be protective where

scientific information was lacking (e.g., surface area is often chosen as the

conversion factor rather than body weight). Dose is assumed to be synonymous

with exposure, unless there are data to the contrary. Other conservative

assumptions have also been chosen including, for example, the interpretation of

the significance of benign tumors, which can lead to malignancy.

Exposure assessment likewise has followed a conservative trend. Gener-

ally, "maximum plausible levels" of chemical exposure have been used in risk

assessments, sometimes in conjunction with "average exposure" estimates. An

example of a frequently used conservative assumption is that an individual is

exposed for a lifetime of 70 years unless there is evidence to the contrary.

In practice, the overall risk characterization has relied on a ranking of the

weight-of-evidence which placed considerable weight on any tumor response in

animals and sought to quantitatively describe the risk to current or antici-
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pated exposed populations as an "upper-bound risk" based on "maximum plausible"

exposure estimates. The first decade of experience with carcinogen risk

assessment has been studied both from the scientific standpoint and the use of

risk outcomes in public policy decisions (Anderson and GAG 1983). In short, if

scientists have been successful in the past describing risk assessment as

"upper bound" estimates reflecting "maximum plausible exposures," then as

better science is developed to fill the gaps of uncertainty, risk assessments

should be expected to become less conservative.

Risk Assessment: Current Trends

Historically, protective assumptions replaced uncertainties; in some

cases, uncertainty is now being replaced by improved scientific information.

In the -area of weight-of-evidence, fresh consideration is be-inĝ  given to the ~

weighting of evidence at high dose and its appropriateness for low-dose weight-

ing. For example, in the Carcinogen Assessment Group's risk assessment of

ethylenethiourea (ETU) (EPA/CAG 1977), the uniqueness of the observation of rat

thyroid tumors was discussed in the context of having a threshold, namely that

these tumors resulted from suppression of thyroid activity only after the

administration of a sufficiently high dose. Currently, the rat response is

being examined to determine whether environmental exposure levels are likely to

approach those that could be expected to elicit the rat thyroid tumor response;

if not, it may be appropriate only to factor the mouse liver tumor response

results into the weight-of-evidence determination for environmental exposure

levels. Other chemicals are similarly being reviewed for their relevance to

human exposure because of mechanism of action, tumor type observed, dosing
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levels used, or metabolic and phannacokine^ric differences between humans and

laboratory test animals.

The improvements in dose-response modeling probably represent the most

dramatic departure from practices of the last 12 years. There is a clear

effort by regulatory agencies to seek a biological basis for the development of

more accurate estimates of risks expected to occur at environmental exposure

levels. This effort represents a substantially different approach from

applying empirical formulas to estimate low-dose responses from high-dose data;

rather the attention is focused on the importance of research data that may

guide low-dose modeling efforts. Such an approach provides, at a minimum, an

indication of the extent to which the "plausible upper bounds" may be over-

estimating risk for particular chemicals. Early efforts to define more

accurate estimates of risk began at EPA in early 1985 and have culminated in

the development of a generic approach using a two-stage model. This model

adapts the clinical observations of Moolgavkar and Knudson (1981) to parameters

involving exposure to toxic chemicals. The effort was first undertaken by

"EPA"'s "Risk Assessment Torum and was ultimately pub'l'ishe'd 'in the Oourna'l ol "k'isk

Analysis in early 1987 (Thorslund et al. 1987). Thus far, EPA has proposed two

important decisions in line with the trend toward less conservatism in dose-

response modeling. Both of these decisions were discussed in a recent New York

Times article (Shabecoff 1988). For example, the EPA's Risk Assessment Forum

has recommended lowering the arsenic ingestion potency by approximately an

order of magnitude (Levine et al. 1987; Moore 1987) based on modifications in

dose-response calculation methodology and better estimates of the exposure

involved in the epidemiology studies that were the basis for the evaluation.

There is a further consideration of reducing the potency of arsenic by inges-
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tion by still another order of magnitude to reflect the fact that skin cancer- -\
caused by arsenic ingestion is less likely to lead to death than is lung cancer

induced by inhalation. Considerations of the latter raise the issue as to

whether or not treatability, survival, and severity should be routinely

considered as a part of the risk assessment process, and in particular the

potency evaluation. In addition, EPA has proposed to downgrade the potency of

dioxin based on several factors but most importantly, the use of the two-stage

model of carcinogenesis for modeling the promoting activity of dioxin which

indicates that the potency of dioxin may be two orders of magnitude or more

less than the potency defined by the linear nonthreshold model for low doses

(T.W. Thorslund and G. Charnley, in preparation). This work was prompted by

recommendations of the EPA Science Advisory Board and is still under considera-

tion (EPA/OPTS 1986b).

The two-stage model of carcinogenesis has also been applied to several

other chemicals with similar outcomes. For example, the model has also been

applied to chlordane and heptachlor, and methylene chloride (T.W. Thorslund et

al. 1988, private communication). While the mechanisms in each case differ,

the outcomes of the model are to indicate most often several orders of mag-

nitude lower potency at low dose than predicted by the linear nonthreshold

model at the "plausible upper bounds."

Additional applications of the biological model have involved the poly-

cyclic organic compounds. Past practices have used the potency of benzo(a)-

pyrene as a unit equivalency to all other potentially carcinogenic polycyclic

organic compounds, greatly overestimating risk. This practice has continued in

spite of the fact that comparative potency methods have been developed for

other chemical classes, such as the dioxins. When assembled in the aggregate,
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several laboratory studies provide a more substantial basis for developing a

comparative potency approach for PAHs (M.M.L. Chu and C.W. Chen 1984,

unpublished; Thorslund et al. 1986). In addition, the shape of the dose-

response curve for benzo(a)pyrene itself has been reevaluated. Benzo(a)pyrene

is a genotoxic agent as indicated by a linear rate of DNA adduct formation that

parallels exposure. The tumor dose-response data do not parallel DNA adduct

formation, however, but appear to fit a quadratic equation, indicating that two

events are probably necessary to induce the response. EPA's initial cancer

potency estimate for benzo(a)pyrene does not reflect this relationship. The

comparative potency approach for other polycyclic compounds, together with a

revised dose-response curve for benzo(a)pyrene, has been used to accurately

predict tumor outcomes in bioassays of chemical mixtures, which is not possible

using upper-bound estimates (Thorslund et al. 1986). Another example of a

chemical which may require two events to produce a cancer outcome is benzene.

Current investigations are examining the mechanistic data, which indicate

benzene causes chromosome damage which is thought to be responsible for the

chromosomal deletions and rearrangements observed in leukemia patients. This

relationship implies that, although linearity may establish a plausible upper

bound on human leukemia risk from benzene exposure, a quadratic relationship

may be more appropriate to estimate the actual risk. Should this turn out to

be the case, the risk from low dose exposure to benzene would be considerably

lower than previously estimated (T.W. Thorslund and G. Charnley 1988, private

communication).

A great deal of attention is also being focused on the metabolic and

pharmacokinetic data to estimate actual levels of chemical exposure to the

target tissue. In extrapolating animal data to humans, the effective dose in
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the animal studies has always been assumed, to be the dose that the animal was

exposed to by route-administered-dose. As our ability to describe the actual
*

dose to the target tissue in the animal improves, so will our ability to

extrapolate animal responses to humans. In addition, the importance of

phannacokinetic data to define the significance of human exposure in the

environment is exceedingly important.

Less progress has been made for threshold pollutants. While attention is

currently focused on developing biologically based dose-response curves to

better describe the threshold dose for disease causation, by the majority of

these chemically induced effects are still described by applying safety factors

to no-observed-effect levels (NOELs) from animals studies or for some few

chemicals, describing the effective dose for observations in humans, e.g.,
^

lead. In either case, the results are uncertain and the outcomes subject to

scientific debate.

Of equal importance, trends in exposure assessment research are also

leading to improved estimates of population exposures which provide a better

foundation for current and projected exposures. Traditional practices have

relied heavily on generic models to describe exposure to human populations.

EPA has developed generalized dispersion models for describing air transport

and similar generalized dispersion models for surface and groundwater. The

overall impact of these dispersion models has been to provide conservative

estimates of exposure.

The use of generalized models provides a practical approach for widespread

exposure estimation by regulatory agencies because it would be highly impracti-

cal for a national agency to evaluate site-specific parameters for every

source. For important cases, however, it is possible to estimate actual



parameters that may refine the estimates .obtained by generic modeling. An

example is the risk assessment of the ASARCO smelter in Takoma, Washington

which was conducted by EPA (Patrick and Peters 1985). The use of generalized

dispersion modeling using the human exposure model (HEM) (which assumes a flat

terrain, an immobile population, and uses meteorological data from the closest

weather station), when coupled with the dose-response curve, estimated a

maximum individual risk of about 1 x 10 for populations living near the

smelter. Subsequently, a local study was conducted which permitted the use of

several site-specific assumptions including a more accurate description of the

actual terrain, local meteorological data, and better emissions information.

The outcome was to lower the exposure assessment and the overall risk about an

order of magnitude. This brought the risk into closer alignment with the

limited monitoring data which was available for the.anib.ie.Tvt̂ airL__________ -

The same phenomenon has been observed when comparing estimates using

generalized dispersion models for groundwater with estimates which rely on site

specific parameters. For example, in Figure 1, the generalized dispersion

model, the verticle horizontal spread (VHS) model using EPA default values

overestimates the risk by a factor of 5.7 when compared to the results from the

more complex equation which incorporates measured site values (Domenico and

Palciauskas 1982; EPA 1985). Another important area which has sharpened

exposure estimates and practically has lowered the outcome from exposure

assessment by several orders of magnitude and, thus the quantitative risk

assessment, has been considerations of bioavailability. For example, dioxin

was originally assumed to be 100% biologically available in soil. Recent

studies, however, have demonstrated that dioxin is only partially available,

>0.5%-85% depending on soil type (Umbreit et al. 1986). In practice, it has
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been our experience that dioxin is mostlyavailable in the range of 15-50%

(P. Chrostowski 1988, private communication). Dioxin in fly ash also was

originally assumed to be up to 100% available. Recent studies have found that

this is not correct but rather that dioxin in fly ash is biologically available

between 0.1% and 0.001% (van den Berg et al. 1986). The bioavailability issue

is now being commonly investigated in many different situations where the

availability in soil and fly ash is important to the outcome of the risk

assessment.

Although improving the scientific information available for site-specific

exposure assessment tends to lower the overall outcome of the exposure assess-

ment and thus the risk assessment, there are important exceptions. For

example, a recent paper which addressed the issue of risk associated with

inhaling volatile organic chemicals from contaminated drinking water during

shower activity (Foster and Chrostowski 1987) indicated that as much as half or

more of the total body risk could be associated with the shower exposure rather

than with the drinking water exposure. In addition, recent improved methods

for modeling the actual deposition of particulate matter from stationary

sources tends to raise the risk compared the earlier EPA air transport models

which assumed that both large and small particles bounced from the surface of

the earth in very similar ways and were carried from the site by air transport.

The more recent models take into account that the small particles deposit on

the surface and are not so readily transported (Sehmel and Hodgson 1979).

Also, closer attention to chemical conversions may tend to raise or lower the

risk; for example, trichloroethylene is converted under anaerobic conditions to

vinylchloride which has a higher potency value by ingestion than does trichlor-

oethylene (Parsons et al. 1984; Cline and Viste 1984). Recognition of this
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conversion raises the overall risk assessment for circumstances which appro-

priately are evaluated by these methods.

Numerous other refinements in (exposure assessment are also being incor-

porated in the risk assessment process, for example, use of human biological

data to assist in exposure estimation, better descriptions of life style for

subpopulation groups, the use of statistical methods to describe likely

exposure below detectable limits, and the use of pharmacokinetic data to

describe the actual dose to target tissue. These developments rely on advanc-

ing research in multiple disciplines for use in the practical consideration of

human exposure.

APPLICATIONS TO HAZARDOUS WASTE SITE RISK ASSESSMENT

Wates site risk assessment practices have roughly paralleled the conser-

vative (public health protective) approaches of risk assessment approaches over

the last dozen years. The majority of this experience has been gained from the

investigation of superfund sites according to the standard EPA Superfund Manual

and related guidelines (USEPA 1985a, 1986c,d). In these investigations a risk

assessment is a formalized methodology applied to determine the potential for

human health and environmental impacts associated with a site under the no

action alternative or to evaluate the potential benefits from remedial alterna-

tives.

Generally, the initial step in conducting a risk assessment involves a

review of all available site environmental monitoring data in order to select

potential chemicals of concern on which the assessment will focus. At this

step, chemical measurements with inadequate quality assurance/quality control

or chemicals that are present as part of natural background may be rejected for
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inclusion in the assessment. The next step, hazard identification, involves

identifying chemical-specific human health and ecological effects criteria.

This may involve an evaluation of available data, including epidemiology,

animal bioassay studies, and in vivo and in vitro studies. In the absence of

human data to describe low-dose effects, the frequently used approaches for

dose-response characterization are for "threshold" (non-carcinogenic) and

"non-threshold" (carcinogenic) effects. These approaches generate numerical

health effects criteria to be used in the calculation of risk. While some

guidance levels generally exist for most toxic chemicals, further scientific

work may be warranted. Recent reconsideration by the USEPA of potency factors

for arsenic, dioxin, and polycyclic aromatic hydrocarbons are good examples.

Following hazard identification, potential pathways by which human populations

may be exposed under current or potential future land-use conditions are

identified. An exposure pathway is composed of the following four elements: 1)

a source and mechanism of chemical release to the environment; 2) an environ-

mental transport medium (e.g., groundwater) for the released chemical, and/or a

mechanism of transfer of the chemical from one medium to another; 3) a point of

potential contact of humans or biota with the contaminated medium (the exposure

point) and; 4) an exposure route (e.g., ingestion) at the exposure point. All

four of these elements must be present for a pathway to be considered complete.

To evaluate exposure at an exposure point the concentration of chemicals of

concern must be evaluated. Many times these are actual measured concentra-

tions, however when they have not been measured, or to estimate future con-

centrations expected to occur over a longer time (i.e., a 70 year lifetime), or

at exposure points not previously investigated, environmental fate and trans-

port modeling may be necessary. For Superfund sites, once concentrations of
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chemicals of concern at the exposure points have been determined, they are

compared with "applicable or relevant and appropriate requirements" (ARARs).

When ARARs are not available for all chemicals in all media, quantitative risk

estimates are developed by combining the estimated intakes of potentially

exposed populations (often derived using conservative assumptions regarding

chemical concentrations, exposure duration, exposure frequency, and the

efficiency of absorption in biological media of chemicals) with either existing

health effects criteria or improved evaluations based on more recently avail-

able data and methods. Conservative assumptions are generally made in risk

assessments to compensate for uncertainty and to explore the potential for

adverse health effects using conditions that tend to overestimate risk so that

the final estimates will usually be near or higher than the upper end of the

range of actual exposures and risks. Greater uncertainty in the site-specific

data base generally leads to more extensive reliance on conservative assump-

tions; conservative (i.e., protective) assumptions are chosen to make certain

that risks will not be underestimated. Because there is uncertainty, risk

assessments generally do not present an absolute estimate of risk; rather most

risk assessments establish plausible upper bounds on risk to indicate the

potential for adverse impacts. Thus, risk assessments are more useful where

data are available to narrow uncertainties and permit the most accurate

descriptions of risk possible. In the absence of such data, conservative

approaches which provide upper bound risk estimates present clear guidance for

the evaluation of low risk (i.e., that even at the upper bounds the risks are

low and therefore most often do not warrant regulatory attention) but are less

instructive for remedial prescription where the social and economic costs are

high.
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Potential Pathways of Exposure to Contaminants

All pathways of exposure are considered: groundwater, surface water,

soil, and air. The pathway that is most often of greatest concern is groundwa-

ter. For purposes of discussion, this paper focusses on this route as an

example of an exposure route evaluation.

To evaluate exposure to groundwater, standard intake assumptions are

generally employed. These are that an average adult ingests 2 liters of water

a day over a 70 year lifetime and that the average body weight over the

exposure period is 70 kilograms, unless there are clear data to define alterna-

tive choices. For example, these assumptions can be arguably too stringent or

in some cases, such as outdoor workers in an arid climate, they may not be
~v

stringent enough. If the demographics and activity patterns of the population

are known, more accurate intake assumptions may be used which will often

diminish risks.

Additionally, inhalation exposures to contaminants in groundwater may

occur through use of water in day to day activities such as cooking, bathing,

washing of dishes and clothes, or showering. Dermal exposures are also

possible. Although many of these exposures may be dependent upon individual

water-use patterns, exposure through showering may be quantified using the

model of Foster and Chrostowski (1987). For many volatile organics quantifica-

tion of the additional risks through inhalation of contaminants while showering

may be similar to the risks associated with ingestion. In some instances,

risks from all inhalation activities combined may be greater than those

associated with ingestion, especially if the chemical involved is more toxic by

the inhalation route (e.g., 1,1-dichloroethylene). Dermal exposures are
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generally small compared to ingestion or,inhalation, although they may be

substantial when chemicals which are absorbed with a high efficiency (e.g.,

dimethyl sulfoxide) are involved. * Failure to assess these pathways could lead

to groundwater risk management decisions not protective of public health or

associated with an inaccurate representation of liability.

In many locations groundwater discharges into surface water bodies create

additional potential pathways of exposure. This is a particular concern for

water bodies that are of moderate size (i.e. that have sufficient flow to

support aquatic life and are not so large in volume as to dilute concentrations

of contaminants discharging in groundwater to insignificant concentrations).

Contaminants that have high octanol-water partition coefficients (K̂ s) have a

potential to bioaccumulate and generally are of particular concern. These

chemicals_ may_ not only be toxic to aquatic life but_may__p_o_tent,j.allyL caus.e_jis,ks-

to other organisms higher in the food chain or to humans that ingest fish from

these surface water bodies on a regular basis. Additionally surface water

bodies may be used for other recreational activities such as swimming, or for

drinking water supplies; these may create additional exposure pathways to

contaminants in groundwater.

An added consideration is needed to provide an assessment of anticipated

exposures. For example, a change in local pumping conditions due to the

installation of a new well (particularly one that has a high yield such as an

industrial or municipal well) may have an influence on contaminant migration or

groundwater which is not currently a drinking water source may become a source

in the future.

In evaluating potential exposure to contaminants present in groundwater,

it is important to define the aquifer(s) to be evaluated. This may be a
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tial source areas, thus conservative assumptions are generally made with regard

to the nature, extent, frequency, and duration of chemical release to the

subsurface. *

Oftentimes estimation of concentrations of chemicals of concern in the

groundwater begins with evaluating the transport of contaminants from the

source, which is often soil, through the unsaturated zone. This can be done

through a variety of approaches ranging from a simplified steady-state soil-

water partitioning model to time dependent models that consider linear ad-

sorption/desorption without accounting for dispersion (Enfield et al 1982) or

more complex compartmental numerical models that incorporate time-varying

transport, advection and dispersion such as the Pesticide Root Zone Model

(USEPA 1984). Applying these models to the same site may result in soil pore

water concentrations that may vary by as much as several orders of magnitude.

The output from the unsaturated zone models may then be coupled with

groundwater models to predict concentrations of chemicals of potential concern

at potential exposure points. The groundwater models may range from simplified

mass-balance mixing models through analytical solutions of transport equations

to complex three dimensional numerical models. In some instances simplified

models used for screening purposes show that even using conservative assump-

tions the estimated concentration at a potential exposure point may not be

associated with a risk and the conservative assessment may be sufficient.

However refinement of conservative assumptions is often necessary to ensure

that the evaluation is realistic and that remedial actions will not be under-

taken needlessly.

An example of the importance of applying site specific parameters to a

hazardous waste site in the context of groundwater solute transport modeling
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can be instructive. For example, the Vertical Horizontal Spread (VHS) Model

(USEPA 1985a, 1986f) is a steady state groundwater model in which the only

attenuation mechanism is vertical ind horizontal spreading; it neglects

longitudinal dispersion, and chemical degradation kinetics. Application of the

VHS model to a particular site using USEPA fixed default values resulted in a

ratio of concentration at the exposure point to source concentration (C/C0) of

0.34. However, a refinement of the model incorporating vertical and horizontal

dispersion coefficients, and site specific parameters resulted in a C/C0 ratio

of 0.06. Thus the generic USEPA model overestimated the concentrations and

risks at the exposure point by a factor of 5.7 (Figure 1).

In many instances the steady-state assumption is not applicable. At

another site, site specific groundwater modeling incorporating chemical decay

and source decay illustrated that assuming that the observed concentration

persists over 70 years could result in a substantial overestimation of the

risk. For example, work completed by our scientist at a site in California

indicated an "upper-bound" lifetime risk associated with ingestion of water
.3

containing trichloroethylene (TCE) in an aquifer to be as high as a 10 risk

(Figure 2). This level is associated with a 70-year lifetime exposure via

exposure to drinking water from the contaminated aquifer. Scenario 2 in

Figure 2 describes the decline in risk associated when hydrogeology models are

applied to the site; the model assumes that the source of contamination has

been removed. In Figures 3 and A the monitoring well data are displayed and

likewise the risk comparison over time given the ability to model the area. In

this particular circumstance, remedial action was being considered which would

cost in the million dollar range and require a number of months to install. If

the hydrogeology models are correct, the theoretical risk could be lowered con-
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siderably over the first 18-month perioa-given the natural ability of the

hydrogeology of the area to remove the contamination. Caution, however, should
t

be exercised in assuming that the source has been removed because recent

publications indicate that in some circumstances some chemicals may remain

entrapped in soil micropores and thereby provide a slow, diffuse release

(Sawhney et al. 1988).

As the concentration of a particular compound present in groundwater may

decrease through natural processes such as biodegradation, the total risk

resulting from exposure to the groundwater may not necessarily decrease. Some

compounds are transformed into more toxic compounds through biotransformation.

For example, under anaerobic conditions, some halogenated aliphatics have been

found to undergo reductive dechlorination (Bouwer et al. 1981, Kobayashi and

Rittmann 1982, Vogel and McCarty 1985). The transformation is sequential,

with, for example tetrachloroethylene yielding first trichloroethylene (TCE)

and, ultimately vinyl chloride (Parsons et al. 1984, Cline and Viste 1984).

Trichloroethylene is categorized as a probable human carcinogen with a cancer

potency factor of 0.011 mg/kg/day"* whereas vinyl chloride is a known human

carcinogen with a cancer potency factor that is approximately two orders of

magnitude greater than TCE by the ingestion route. Biotransformation is

dependent upon a variety of factors such as availability of organic chemicals,

oxidation/reduction conditions, availability of microorganisms, growth factors,

toxicity, and inhibition. Consequently the extent to which biotransformation

may occur in groundwater at a particular site will vary and the degree to which

it occurs is difficult to quantify. Use of a risk assessment for TCE without

considering the potential impact of vinyl chloride could result in an underes-

timation of risks at the site. This could lead to risk management decisions
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from an inaccurate data base which could be. ultimately expressed as lingering

liability even after cleanup had been accomplished.
*»

Summary

In summary it has been shown that risk assessments are generally conserva-

tive evaluations primarily due to selection of assumptions to compensate for

data limitations and uncertainties. The methods selected to estimate exposure

and to quantify exposure point concentrations may have a substantial effect

upon the estimation of risk associated with exposure to contaminants in

groundwater. Most often more accurate data will provide risk assessment

outcomes that are less conservative; though use of the shower model and

chemical transformation to more potent chemicals can have the opposite impact.
•-v

There is no question that the best hazardous waste site clean up decisions must

rely on the most accurate risk assessments possible; thereby stressing the

importance of accurate initial site characterization. The implications of

overestimating potential risks associated with contaminants present in ground-

water or other media may result in implementation of expensive remediation that

could have otherwise been less restrictive. Conversely, inaccuracies in

predicting risk may also result in underestimations of exposure which may have

far reaching ramifications in the areas of public health protection and

liability evaluation. Currently fare more attention is focussed on costly

remediation than on reducing the theoretical risk through better risk assess-

ments. Substantial experience demonstrates that improved risk characterization

is possible for most sites. This additional scientific effort is important to

the process of distinguishing which sites require, the greatest attention for

remediation.
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Ground Water
Modeling

1. VHS model using simple equation, EPA fixed default values

r z ~i r'i ——— £i ——— 'i prf 'i ——— 2 ——— |
|_2(DY)o-s J en |_4(DY)o-s J

= 0.34

2. VHS model using complex equation, measured site values

C
••••M

C
1
•̂H

4

•

erf ( z + Z
2(D 7Y) o.

z - Z
2(D,Y)<>T)

m

erf ( x + X/2
2(D YY) o.

X - X / 2
2(DYY)oT)

= 0.06

Conclusion: EPA method overestimates concentration at
exposure point by factor of 5.7.

FIGURE 1
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Contaminant
Concentration

Scenario 1

Time (Years)
Start of Exposure

at Time, t
70 Years

Scenario 1 assumes decay in contaminant levels until
start of consumption and then a lifetime exposure to
a constant concentration of the contaminant

Scenario 2 assumes decay in contaminant levels both
before and during the period of exposure.

FIGURE 2
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GROUNDWATER MONITORING DATA

Well #

1

2

3

4

5

6

7

8

Sampling
Date
1/1/85
1/20/85
2/2/85

1/1/85
1/20/85
2/2/85
2/8/85

1/1/85
2/2/85

1/1/85
2/2/85

1/20/85
2/2/85

1/1/85
2/8/85

1/20/85
2/2/85

1/1/85
2/8/85

[TCE] mg/1

.100

.144

.127 f

<.005 1
1.10 1
1.98 |
2.00 J

<.005 1
<001 J

.055 1

.080 j

.210 ]

.177 J

.510 ]
1.40 j

.160 1

.305 J

.070 1
<.005 j

•

•
\
\
\
\
\
\

Well Average
JTCE] mg/1

.124

1.27

.003

.068

.194

.96

.23

.04

0.36

FIGURE 3
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Time of Exposure [TCE] aft Start Lifetime Upper Bound Cancer Risk
Initiation (Years) (mg/1)

<o .36

1 .23

2 .14

3 .09

4 .06

5 .04

6 .02

7 .01

8 .009

9 .006

10 .004

Scenario 1
1.1 x lO'4

7.1 x 10 -5

4.5 x 10 ~s

2.8 x 10 -5

1.8 x 10 -$

1.1 x 10-5

7.2 x 10-*

4.6 x 10-<

2.9 x 10-*

1.8 x 10 -«

1.1 x 10-«

Scenario 2

3.5 x ID'*

2.2 x 10-*

1.4 x 10"6

8.8 x 10~7

FIGURE 4
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default value for this factor is 2 liters of tap water consumed per
day. As it turns out, this is approximately the 95* percentile of
tap water consumption in the U.S. population (i.e., only five per-
cent of the U.S. population consumes on average more than 2
liters of tap water per day).

Early on, the Superfund program codified many standard
assumptions on exposure and dose-response assessment in two
core guidance documents: EPA's 1986 Superfund Public Health
Evaluation Manual (SPHEM) and 1988 Superfund Exposure
Assessment Manual (SEAM). Then, with the 1989 publication of
the Exposure Factors Handbook (EFH), EPA adopted even more
standard factors for assumptions about the body weight of indi-
viduals, the volume of water ingested by children and adults, the
mass of soil inadvertently ingested by children outdoors, etc. By
and large, risk assessors found these reports useful, because they
provided extensive information condensed into a few volumes
and because they allowed risk assessors to substitute site-specif-
ic information as appropriate in particular analyses.

In late 1989. EPA updated its risk assessment guidance by pub-
lishing Risk Assessment Guidance for Superfund, Volume I,
Human Health Evaluation Manual, (Pan A). This volume
(commonly referred to as RAGS, or HHEM) contained even
more standard exposure factors, and the Agency began an effort
to make new standard exposure factors even more conservative
(i.e.. protective of public health).

To counterbalance the tendency of many regional and headquar-
ters staff members to require the concatenation of a series of con-
servative assumptions in a risk assessment, the Agency formally
adopted the concept of the RME as explained in these excerpts
from Section 6.1.2. of RAGS (with the emphasis in the original):

Actions at Superfund sites should be based on an estimate of the
reasonable maximum exposure (RME) expected to occur under
both current and future land-use conditions. The reasonable max-
imum exposure is defined here as the highest exposure that is rea-
sonably expected to occur at a site—. Estimates of the reasonable
maximum exposure necessarily involve the use of professional
judgment.... The intent of the RME is lo estimate a conservative
exposure case (i.e., well above the average case) thai is still with-
in the range of possible exposures.

In addition to this general discussion of the RME concept in
RAGS, the Agency elaborated on its definition of "reasonable
worst case" (which we equate to the RME) in Appendix 2 of the
EFH. In this document, EPA discussed ths reasonable worst case
as exposures in the 90'h to 95"1 percentile range. Although it had
no official position on how to define the reasonable worst case
exposure scenario, the Agency recommended using "a combina-
tion of some lower values [50lh percentile] and some upper val-
ues [90lK to 95'" percentile]." Furthermore, the Agency concluded

that the "best" approach for deriving the reasonable worst case
exposure level was by using Monte Carlo techniques, a statistical
procedure that we discuss in more detail later.

T hus, it seems unmistakable that EPA

intended risk assessors to utilize proce-

dures that lead to reasonable estimates of risk

that no more than five to ten percent of the pop-

ulation exposed would likely exceed.

These recent Superfund guidance documents clearly demonstrate
the Agency's understanding that the combination of a series of
conservative assumptions can yield an overall estimate of risk
that has little or no meaning in reality. Unfortunately, the
Agency's recommendations on the choice of default exposure
factors in RAGS do, in fact, lead to the use of a series of conser-
vative assumptions yielding risk estimates that are highly unlike-
ly to be experienced by a typical population surrounding
a Superfund site.

To improve consistency in the use of the Agency's risk assess-
ment guidance across its ten regions, the Office of Solid Waste
and Emergency Response (OSWER) issued a directive on
March 25. 1991, that most directly and clearly subverts its
previous policy decision that risk assessments be based on
reasonable exposures (90"1 to 95* percentile). The crux of this
directive is contained in the first two pages:

This supplemental guidance attempts to reduce unwarranted vari-
ability in the exposure assumptions used to characterize potential-
ly exposed populations in the baseline risk assessment. This guid-
ance bui lds on the technical concepts discussed in HHEM
[RAGS] Part A and should be used in conjunction with Pan A.
However, where exposure factors differ, values presented in this
guidance supersede those presented in HHEM Pan A (page 1).

These standard factors are intended to be used in calculating rea-
sonable maximum exposure (RME) estimates for each applicable
scenario for a site. Readers are reminded thai the goal of RME
is to combine upper-bound and mid-range exposure fact'.TS in
the following equation so that the result represents an exposure
scenario that is both protective and reasonable, ;>ot the worst
possible case

Intake = C«/Jg»£F«EO
BW*AT
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where
C = Concentration of the chemical in each medium

(conservative estimate of the media average
contacted over the exposure period)

IR = Intake/Contact Rate (upper-bound value)

EF = Exposure Frequency (upper-bound value)

ED= Exposure Duration (upper-bound value)

BW= Body Weight (average value)

AT= Averaging Time (equal to exposure duration for
noncarcinogens and 70 years for carcinogens) (page 2)

Thus, of six variables in the standard exposure equation, EPA
now requires risk assessors to use upper-bound values for three.
Generally, EPA uses the phrase "upper-bound value" to refer
to the 95'" percentile of the full risk range. Using a simple rela-
tionship from probability, the multiplication of three 95'" per-
centile numbers (assuming log-normal distributions) yields a
value close to the 99.8'h percentile which is just shy of "3 nines"
conservatism. In other words, the Agency's operational defini-
tion of the RME means that at this exposure there would be less
than 1 chance in 500 that an individual exposed to a Superfund
site would receive exposures greater than the RME.

This "3 nines" conservatism in the exposure calculation can be
further compounded if the Cancer Potency Factor (CPF) for a
chemical is derived by similarly conservative methods, since the
lifetime cancer risk is ultimately derived by multiplying the cal-
culated exposure by the CPF. Derivation of the CPF has proba-
bly been the longest standing controversy within the scientific
risk assessment community. Adding another conservative value
to the risk equation to represent the toxic potency of the com-
pound would only make the point estimate of risk less plausible.

For carcinogens with CPFs based on animal data, EPA derives
the CPFs for humans by extrapolating from the upper 95th per-
cent confidence limit on the linear term of a curve-fitting model
(called the linearized multistage model) that is used to fit the
data for the most sensitive sex of the most sensitive laboratory
test species (usually rats or mice). Not only can derivation of the
CPF be exaggerated by the curve-fitting model that is used to
extrapolate data from high-dose animal experiments to low-dose
human exposures typical of most Superfund sites, but the experi-
mental protocols used in testing laboratory animals can also bias
the results in the direction of overestimating cancer risk. This
can be especially true for chlorinated hydrocarbons, a class of
chemicals ubiquitous at Superfund sites that often drive cleanup
decisions, especially for ground water contamination. One chlo-
rinated hydrocarbon, chloroform, was recently retested in ani-

mals using more appropriate laboratory protocols than those first
used by the National Cancer Institute in the mid-1970s; the
results led EPA to lower the CPF for chloroform by a factor of
10. Although there are theoretical situations where the opposite
may be true, the point is that EPA commonly uses procedures to
derive CPFs from animal data that are designed to add more con-
servatism to risk assessments.

EPA's specification of simplistic assumptions in its guidance
documents has a deeper and more unfortunate side effect—it
arrests further inquiry into the subject at hand. Once the Agency
announces a simple assumption, neither risk assessors nor the
Agency itself has an incentive to research the topic for which the
assumption was used to fill the gap in knowledge. For example,
with NRC's publication of the first Drinking Water and Health
report in 1977, the Safe Drinking Water Committee of the
NRC/NAS adopted the value of 2 liters/day as the amount of tap
water a typical adult ingests in a day in food and beverages.
While the Committee offered little justification for this number,
EPA has adopted the value in many programs and regulations,
apparently with little further inquiry. EPA has had no incentive
to look for data on the topic, nor have they encouraged the regu-
lated community to look beyond the simple policy. Only recently
did an alternative appear, when Roseberry and Burmaster (1990)
analyzed data for the daily volume of tap water ingested by five
age groups that were compiled by scientists evaluating the
Nationwide Food Consumption Survey conducted by the U.S.
Department of Agriculture in 1977 and 1978. Although these
data can be easily used to improve the quality of risk assess-
ments, most EPA regions have blocked the use of any drinking
water factor other than 2 liters/day.

Risk Assessment Today at EPA's Regional Offices
With the exception of Region III in Philadelphia, most risk
assessors in many of EPA's regional offices have a record of
interpreting national guidance in a more conservative manner
than its already conservative intention. We are aware of many
situations where regional staff have argued that a risk assessor
should—indeed, must—combine the 90'h or 95Th percentile value
for each of five or six variables in each exposure pathway, which
has the effect of driving the risk estimate well beyond the 99.99Ih

percentile estimate.

In many cases, EPA regional staff require the use of exposure
factors that border on the absurd. For example, citing the most
recent OSWER directive, risk assessors in Region I assume that
children could inadvertently ingest 200 mg of contaminated soil
each day for 350 days/year, even in northern Maine where snow
and ice cover the ground for many months each year. The soil
ingestion rate for children was derived from studies of day-care
children playing out of doors during the warm summer months.
EPA's conservatism in assuming that children ingest these quan-
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tities virtually every day of the year is based on the uncertainty
as to how much indoor dust children ingest during inclement
weather, and the extent to which this dust may contain contami-
nants from the Superfund site. This same assumption is often
used even for children who may inadvertently come in contact
with the Superfund site, yet live at locations remote from the site
where indoor dust may be affected little by the site.

Similarly, in draft but binding guidance, the Region I Office of
EPA in Boston requires risk assessors to use the maximum
reported concentration of each chemical in a risk assessment.
Thus, for an exposure scenario that considers inadvertent soil
mgestion, in effect. Region I forces risk assessors to assume that
all children (1) have perfect knowledge of the location on the
site with the highest surface concentration of each chemical, and
(2) wander from location to location, sometimes hundreds of feet
apart, to ingest soils containing the maximum concentration of
each chemical. At a Superfund site in Region V, Agency risk
assessors went a step further and assumed that the hypothetical
child would also dig through a multimedia cap (5 feet of clay
and two plastic liners) to reach the contaminated soil below.
Such policies have no scientific merit and clearly drive remedies
to the extreme.

A Path to Disentangling Risk Assessment
from Risk Management Decisions
Short of restoring reasonable professional judgment to EPA risk
assessors, there is no methodological "quick fix" to many of the
important assumptions governing the assessment of health risk at
Superfund sites, such as the intended future use of the site. There
is. however, a way to reintroduce science and fact into risk
assessment calculations without biasing the results with implicit
risk management decisions.

The Monte Carlo method provides a statistical methodology for
separating the risk assessment process from risk management
decisions. It provides a methodology for estimating probability
distributions for exposure and risk, and it avoids a prolonged dis-
pute on how to estimate the most appropriate point estimates of
exposure and risks. It also maximizes the information content of
the risk assessment and provides the risk manager with a wider
array of options from which to choose. For example, a Monte
Carlo simulation not only presents the risk estimates as a proba-
bility distribution (e.g., the risk can be estimated for any per-
centile of exposure), but the extent to which the risk estimates
are sensitive to the uncertainties surrounding the input variables
(e.g., the quant i ty of water consumed/day) can be easily
explored. Thus, not only can risk managers define "how clean is
clean" in the context of the uncertainties of the risk assessment,
they can also specify additional investigations aimed at factors
that contribute most to those uncertainties.

In fact, the Monte Carlo method, sometimes called probabilistic
risk assessment, starts with the realization that it is impossible to
assess risks in terms of any single number unless that number is
associated with an estimate of the probability that any individual
in the population will experience that risk. It is a method that
explicitly links risk (e.g., a lifetime cancer risk of 1O*) with the
probability that any member of the public will experience that
risk, or exceed it. We believe that it is extremely important to
convey the overall probability distribution on the estimated risk
in an unbiased way to risk managers and the public. As a society,
we must make decisions based on unbiased science and the full
presentation of the range of possible outcomes, not on a set of
counterfactual assumptions. Even more, we need to unfetter our
risk assessors so that they can pursue estimates of risk by the use
of objective science and fact, not just by repeating simplistic
Agency policy.

With desktop computers as powerful as mainframes were just
a few years ago, analysts can now use relatively simple commer-
cial software to estimate full probability distributions —not
just point estimates—for health risks experienced by populations
chronically exposed to toxic chemicals from hazardous waste
sites. Even though probability is the central concept in risk
assessment, and even though probabilistic methods offer
strong advantages and insights as compared to the deterministic
methods now required by EPA's guidance manuals and direc-
tives, analysts have only recently begun to use Monte Carlo
methods at Superfund sites.

Monte Carlo simulation, developed by physicists over 50 years
ago and long used by engineers in many fields, addresses the
weaknesses of the current risk assessment methods embodied in
EPA's guidance documents. In Monte Carlo simulation, each of
the many input variables (e.g., daily volume of drinking water
consumed, years of residence at any one location) can become
a random variable with known or estimated probability distribu-
tion. Within this framework, an exposure variable takes on a
range of values with a known probability. In extending the regu-
lar methods used in public health and ecological risk assess-
ments, probabilistic techniques add several steps to estimate both
point values and full probability distributions for the exposures
and risks.

First, the analyst determines a continuous or discrete probability
distribution to describe each of the exposure variables to be
included in the analysis, although point estimates can also be
used if the underlying probability distribution for a variable is
not known or cannot be reliably estimated. In this step, the ana-
lyst must also determine if any correlations exist among the
input variables and account for them if they do (e.g., body sur-
face area is correlated with body weight and this correlation
must be accounted for in the analysis). Second, the analyst uses
suitable computer software to make a large number of risk calcu-
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lations. For each calculation, the computer selects one random
value from the appropriate probability distribution for each of
the exposure variables in the model, and computes and stores the
result of the risk calculation. This computation is repeated thou-
sands of times. Third, the analyst establishes the shapes of the
distributions for intermediate and final results and produces vari-
ous statistical summaries of the results. In this framework, a
complete risk probability distribution is derived, providing maxi-
mum information to the risk manager and members of the public.
For example, if the collective judgment of the public and the
regulatory agency is to base the cleanup decision on a level of
risk with a less than five percent probability of being experi-
enced by any member of the population, this could be uniquely
provided by the Monte Carlo simulation.

To illustrate the differences between the results of point esti-
mates using EPA's guidance and the same risk calculations
using Monte Carlo simulation, we have estimated the lifetime
cancer risk for a hypothetical case in which workers at an indus-
trial facility are assumed to be exposed to a single carcinogen,
chloroform, through a single exposure pathway, incidental inges-
tion of soil contaminated with chloroform at a concentration of
4 ppb throughout their working lifetime at the site. In this
example, a point estimate of the lifetime cancer risk was calcu-
lated based on a risk-based method used by the New Jersey
Department of Environmental Protection and Energy (NJDEPE)
for developing proposed cleanup standards for industrial soil.
NJDEPE's risk calculations are consistent with OSWER's recent
guidance that requires the use of "upper-bound" values for the
three exposure factors, IR (soil ingestion rate), EF (exposure fre-
quency), and ED (exposure duration). This point estimate was
then compared with the 95"1 percentile cancer risk estimate cal-
culated using Monte Carlo simulation.

The following table contrasts the 50'" and 95'" percentile esti-
mates of these three exposure factors for industrial workers (tak-
ing into account vacation time, sick leave, and inclement weath-
er) with the upper-bound values currently being used by
NJDEPE.

Exposure
Factor

IR (mg/day)
EF (days/year)
ED (years)

(percentile)
50th 90th 95th

10
126
4

50
167
19

89
183
29

State
Agency

100
245
25

As this table shows, NJDEPE chose exposure factors for IR
and EF that exceed the 95* percentile estimates, and chose a
value for ED that is between the 90'* and 95"1 percentile esti-
mates. Arguably, all three qualify under EPA's definition of
upper-bound estimates. Using EPA's recommendations that
upper-bound values be used for the three exposure factors results
m a point estimate for the lifetime cancer risk of 8.3 per million,

which exceeds the tolerable risk of one in one million
established for chloroform in soil by NJDEPE.
However, using Monte Carlo simulation results in
a 95* percentile risk level of 9.5 per 10 million, almost one-tenth
the risk calculated by the standard EPA method, and slightly
below the tolerable risk of one in one million.

Clearly, this simple comparison suggests that if the risk manage-
ment decision is to base regulatory decisions on 90th to 95* per-
centile exposures, the EPA-proposed method and Monte Carlo
simulation can lead to very different conclusions. Furthermore,
these differences can become even more exaggerated when there
are more than three exposure variables, which is usually the case
in Superfund risk assessments. In a recent example, we evaluat-
ed the risks associated with leakage from a landfill; the exposure
model included 19 variables and the point estimate using upper-
bound values for five of the 19 variables resulted in risks about
500 times higher than the 95"1 percentile estimate from Monte
Carlo simulation.

Concluding Observations and Recommendations
An unfor tunate trend—created in the name of policy
consistency—has replaced the science in risk assessment with
simplistic policy assumptions that have the effect of making risk
assessments ever more conservative. Too many risk assessors
with advanced degrees in toxicology, chemistry, engineering,
and other technical disciplines are being forced to use (and to
defend in public) contrived and biased methodologies to con-
form to EPA policy guidance. These methodologies simply
cannot be defended as good science, and they subvert the
Agency's stated risk management policies aimed at protecting
the public health against reasonably expected future exposures
at Superfund sites.

EPA would be well-advised to endorse and encourage the use of
Monte Carlo simulations as a way of supplementing or replacing
current Agency risk assessment methodology. Monte Carlo
methodologies, and variants of them, can help to overcome some
of the methodological flaws that have characterized the risk
assessment process under Superfund by enabling the calculation
of risks that flow from a statistically defensible estimate of the
reasonable maximum exposure. This will help separate risk
assessment from risk management decisions in the sense origi-
nally recommended by the National Research Council/ National
Academy of Sciences and Mr. Ruckelshaus. With a return to the
original intent, risk assessors can do their jobs in a reasonably
unbiased way. and risk managers can make explicit decisions on
"how clean is clean" in the form of "how conservative is conser-
vative enough." In the process, some credibility will be restored
to the Superfund program, and, ultimately, cleanup decisions
will be more defensible. •
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Quantitative
Environmental
Analyses in
Insurance
Litigation

5B^O«d*wE licLane, Ph.D., Manager

contamination of
ntal media has increased

thin the past decade. Much
]ation stems from insurance
at involve claims for dam-

ing from investigation and
of toxic chemical releas-

ON has assisted in many
ses in a technical role.

The issue in these cases is not whether a release event has
occurred. The volumes of data routinely collected for soil, ground
water, surface water, and air at the site of a release make clear the
nature and extent of the contamination. Rather, the issues concern
clauses in the insurance contract (or contracts in the case of multi-
ple insurers) that form the focal points of dispute between insurer
and insured. Typically, these clauses slate that coverage is exclud-
ed if the discharge of chemical is not "sudden and accidental" or if
only "owned property" is impacted. There are also "trigger" claus-
es that describe the time at which a covered "occurrence" is con-
sidered to have taken place.

Reconstructing the history of one or more releases from one or
more sources and the subsequent movement of chemicals through
various environmental pathways often can be difficult. Records of
discharge are rarely kept and many releases from underground
piping or storage tanks go undetected for years before the damage
is discovered. ENVIRON has found, in many cases, a combination
of historical records, recent site media sampling data, and the use
of computer models of chemical fate and transport in the environ-
ment can be used to support or refute claims in insurance litigation
matters. This article will discuss the ways in which computer
modeling can be used to provide valuable information in environ-
mental insurance disputes.

Key Insurance Litigation Issues
Four key issues arise in insurance cases. Two of these issues ques-
tion (1) whether the costs incurred by the claimant represent dam-
ages covered by the policy or equitable relief not covered under
the contract, and (2) whether the discharge was intended or should
the release have been expected. The first of these issues is a matter
of legal interpretation and, therefore, is not amenable to analysis
through the use of computer modeling. The second deals with
state-of-the-practice issues, usually handled by the testimony of
experts with historical knowledge of storage or disposal practices,
although engineering design calculations sometimes are valuable.

Computer models are often used, however, to provide analyses of
the other two issues that commonly arise in insurance litigation:
(3) whether the release of chemical was sudden and accidental,
and (4) whether there is a potential for impairment of property
other than the "owned property" of the insured.

The third issue deals with the initiation of the release, its duration,
and its characterization as a single or repeated release, especially
with respect to the "trigger" for the claim. Computer modeling can
reconstruct the release based on the current pattern of contamina-
tion provided by sampling data and information on the key fate
and transport processes. Data on possible release dates and vol-
umes are always helpful but, as one of the case studies below
illustrates, release scenarios can be reconstructed in the absence of
such data.

Similarly, the "owned property" issue in a broader sense deals
with questions such as the time the contamination first reached
ground water (often considered to be the property of the state); the
time at which contamination first extended off the owner's proper-
ty or its potential to do so; and the actual or potential impact of the
contamination on off-site receptors. The case studies presented
below represent two of the many cases in which ENVIRON has
used fate and transport modeling to reach successful resolution of
insurance litigation disputes. Details have been modified slightly in
each case to protect client confidentiality.
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ASSESSING

OF

NEUROTOXICITY
Over a thousand years ago, excessive exposure to lead was known to
cause convulsions in humans; in the last decade, we have become con-

cerned about more subtle effects (for example, impaired intellectual func-

tioning in children) that may be associated with very low exposures to

lead. Today, concern is growing that other chemicals have the potential to

injure the human nervous system, and neurotoxicity is an increasingly

important component of a chemical's toxicological profile.

by Mary Burr Paxton, Ph.D., and
Thomas B. Starr, Ph.D., Principal

Magnitude of the Problem
The complex nature of the nervous system and its functions
means that it can be injured in a large number of ways. Injury can
occur following acute or chronic exposures to both synthetic or
naturally occurring materials at any time from conception to old
age. The effects may be reversible or permanent, or lesions may
not become evident until an individual experiences other stresses.
(Some scientists now think an accumulation of small insults of
this sort might explain Alzheimer's, Parkinson's, and other
degenerative neurological diseases.) Neurotoxic damage may
appear in an enormous variety of ways (structural, functional,
sensory, behavioral, or cognitive) that may be difficult to distin-
guish from "background" variation; chemically induced behav-
ioral changes may be particularly difficult to distinguish from
normal behavioral responses to changes in social or personal fac-
tors. The health consequences of exposure to a neurotoxicant may
also'occur indirectly, as is clear from the all-too-frequent results
of combining alcohol and driving; similarly, exposure to neuro-
loxicants in the workplace can pose a threat to general safety. Dr.
Kent Anger reviewed 588 chemicals that the American

Conference of Governmental Industrial Hygienists has listed on
the basis of their general toxicity. He found that neurotoxic
effects were one of the underlying reasons for establishing rec-
ommended exposure limits for 28% of them. Thus, neurotoxic
effects may be the "most sensitive effect" for many chemicals
and, therefore, would be a focus of their health risk assessments.
Neurotoxicity would thus play a critical role in determining how
these chemicals will be regulated.

The need for more routine and comprehensive neurotoxicity test-
ing has received greater attention in recent years. A recent report
from the Office of Technology Assessment, Neurotoxicity: New
Developments in Neuroscience, noted that regulatory agencies
have the authority to require neurotoxicity testing for existing
and newly developed chemicals, but have been slow in exercis-
ing this responsibility or even defining what would constitute
appropriate testing for such effects. The National Research
Council is also expected to publish an Agency of Toxic
Substances and Disease Registry-sponsored study on neurotoxic-
ity testing and risk assessment in the near future.

Both the Food and Drug Admin i s t r a t ion (PDA) and the
Environmental Protection Agency (EPA) have been revising
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Although this simple and generic approach seems to have
worked well to date, many people are dissatisfied with it and
think it could be significantly improved. They raise these major
objections:

• it is strictly empirical and lacks a theoretical basis;
• it ignores the slope of the dose-response curve

in the vicinity of the NOAEL;
« it effectively discards all but a single data point; and
• it may be inappropriately sensitive to sample size.

Applying the usual safety or uncertainty factors to a
statistically derived "benchmark" dose would circumvent some of
these problems. This method still falls short of what could and
should be done to perform low-dose extrapolation scientifically,
because such "benchmark" doses have no substantive mechanis-
tic basis.

Because the ultimate purpose of investigating the dose-response
relationship is to gain insight into the likely response at exposures
below those already observed, the utility of establishing a dose-
response relationship by fitting general-purpose functions to the
available data comes into question immediately. As assessors of
carcinogenic risks have learned, different mathematical models
that fit data equally well can diverge by orders of magnitude in
the risks they predict for the low exposure levels of real concern.
For a mathematical model to be reliable for extrapolation down to
the exposure range of interest, it must be developed on the basis
of an adequate mechanistic understanding of the disease process.

For example, to quantify the risk of neurotoxic effects from acry-
lamide exposure, a number of critical mechanistic factors must be
considered. Exposure to high levels of acrylamide is associated
with a "dying back" neuropathy in long neurons, the nervous sys-
tem cells that connect the spine to the arms and legs. A meter or
more may separate the long neuron's nucleus (where all protein
synthesis occurs) at the spinal end from its synapse (where sig-
nals are passed to adjacent cel ls) at the peripheral end.
Connecting the two ends of each cell is the axon, a long channel
through which electrical signals are transmitted and various
essential biochemical materials are transported. An active trans-
port mechanism moves materials efficiently from their production
site in the nucleus to the other intraneuron sites at which they are
used. A so-called retrograde system returns used materials to the
nucleus for recycling: this is the focus of attention in developing
a mathematical model of the "dying back" neuropathy produced
by acrylamide that is suitable for risk assessment purposes.

Airborne acrylamide concentrations provide an unsatisfactory
surrogate for the dose of acrylamide actually delivered to the
axon, which is thought to be acrylamide's specific site of toxic
action. Deriving a mechanistic expression of the dose-response
relationship thus requires modeling the uptake, metabolism, and
distribution of acrylamide to the axon. Acrylamide distributes
widely in the body, but detoxifying metabolism occurs primarily

in the liver. However, at high concentrations, acrylamide inhibits
this reaction; therefore, a nonlinear pharmacokinetic model is
needed to predict accurately the amount of unmetabohzed acry-
lamide that will accumulate within axons.

Acrylamide is a highly reactive chemical, and so once it is present
within the axons, it can interfere with active retrograde transport by
several different mechanisms. First, by binding to glycolytic
enzymes, it can inhibit the local energy production that provides
fuel for active retrograde transport in the axon. Second, acrylamide
can bind directly to a specific protein called dynein and disrupt its
critical role in active retrograde transport. Third, acrylamide can
bind to the weblike microtrabecular structures present within the
axon and thereby increase their viscous drag on the retrograde
movement of materials through them. The mechanism of action
underlying each of these types of interference defines the shape of
the dose-response curve for the particular effect and its impact on
retrograde transport. Each is likely to be nonlinearly dependent
upon the acrylamide concentration within the axon. Simple "curve-
fitting" with generic dose-response models cannot adequately
reflect the marvelous complexity and intricacy of this system.

Even for a single chemical, as the case of acrylamide demonstrates,
multiple biochemical processes may be involved in the generation of
a neurotoxic effect. Possible neurotoxic effects are so diverse that
many different mechanisms are likely to be involved, and a unique
quantitative dose-response model might be required for each such
mechanism, which in turn might be applicable to a few chemicals at
most. Until we have gathered considerably more data and experience
in this area, the determination of appropriate mathematical models
for neurotoxic effects will have to be pursued on a case-by-case
basis. There is great intellectual appeal to understanding the underly-
ing biological mechanism that produces a toxic effect, and such
understanding would permit development of mathematical models
that could be used confidently to predict the risks at exposure levels
below those that have been studied. However, for each chemical this
development will be a time-consuming and expensive process. As a
result, detailed investigations of mechanism will be feasible only for
a limited number of chemicals that have widespread exposure or
have great potential for commercial development. For the rest, a rela-
tively crude qualitative approach—much like that now used by reg-
ulators—will most likely have to be sufficient.

It is possible that some neurotoxicants will not have threshold-
like dose-response curves, analogous to what is now assumed to
be the case for genotoxic carcinogens. If the public health threat
posed by such substances is significant because of very severe
neurotoxic effects or high exposure potential, the NOAEL and
safety factor approach will be inadequate,' and it will be neces-
sary to describe the dose-response relationship in greater detail
to choose wisely among the regulatory options. These instances
will provide challenging opportunities for extending the science
of neurotoxicology and performing more rational risk assess-
ments for neurotoxic endpoims. •
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ENVIRON Opens Texas Offices

E NVIRON's decision to open
offices in Houston and Austin
reflects both a commitment to its

existing Texas and Gulf Coast clients and a
response to the growing need for expert
technical assistance in this marketplace.

ENVIRON is a leader in dealing with the
problems that arise from the potential for
chemical exposure in the environment and
the workplace. The firm's Texas offices
provide expert technical assistance and
strategic support in the following areas:

• Remedial Investigations and
Design of Remedial Programs

• Chemical Risk Assessment
and Environmental Risk
Management

• Litigation Support

• Permitting and Regulatory
Compliance Assistance

• Environmental Liability and
Compliance Audits

• Multimedia Exposure
Assessments (ground water,
surface water, air, indirect
exposure pathways)

• Strategic Planning and
Management

our New Locations

1980 Post Oak Boulevard. Suite 2120
Houston, Texas 77056
713-622-5888

Two Park Place, 4009 Banister Lane
Austin. Texas 78704
512-440-2998

ROBERT L. MCCOLLOM, JR.
Principal

Robert L. McCollom joins the firm with
thirty years of senior management experi-
ence in environmental remediation and
consulting engineering. Mr. McCollom will
be responsible for the development of
ENVIRON's Texas and Gulf Coast opera-
tions from the Houston and Austin offices.

He previously served as Gulf Coast
Regional Manager with Jones & Neuse
and as Managing Principal for the
Texas operations of Woodward-Clyde
Consultants.

Mr. McCollom received his M.S. in
Geology from Stanford University and his
B.A. in Geology from Dartmouth College.

MICHAEL P. SCOTT
Principal

Michael P. Scott, one of ENVIRON's senior
principals, is providing assistance in the
development of the firm's Texas and Gulf
Coast operations. He brings eight years of
experience with ENVIRON, including three
years of focused involvement in Texas-
based projects.

Mr. Scott received his M.A. in Chemistry
from Oxford University and his M.Sc. in
Public Health Engineering from the
University of Newcastle-Upon-Tyne (UK).

Robert (_ McCollom, Jr.
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Senior Staff Appointments
• Houshang Dezfulian, Ph.D., P.E., has joined
ENVIRON's Irvine office as Principal. With more than 20
years of experience in geotechnical and environmental engi-
neering, emphasizing the assessment and remediation of haz-
ardous and industrial waste sites, Dr. Dezfulian will strengthen
the firm's ability to respond to clients seeking remedial design
and engineering. Dr. Dezfulian's expertise in civil and geotech-
nical engineering, his understanding of the risks of environmen-
tal impairment at industrial and hazardous waste sites, and his
experience in designing and constructing cost-effective remedi-
al measures will complement ENVIRON's strong chemical
exposure and health risk expertise.

Formerly Vice President at Woodward-Clyde consultants,
Dr. Dezfulian is a Registered Civil Engineer, Geotechnical
Engineer, and Environmental Assessor all in the state of
California. He received both
his Ph.D. and M.S. in Civil
Engineer ing from the
University of California at
Berkeley and his B.E. in
Civil Engineering from the
American Unive r s i ty of
Beirut in Lebanon. He is the
published author of over two
dozen scientific and technical
papers.

Houshang Dezfulian, Ph.D., P.E.

• Edward Hoylman, R.G., has joined ENVIRON's
Emeryville office as Principal. Formerly Director of the
Environmental Services Division at Herzog Associates, he has
overseen and directed a wide range of environmental projects,
many for the solid waste industry. Mr. Hoylman will strengthen
ENVIRON's capabilities to provide technical support services
for the solid waste industry, underground storage tanks, and
water resource development and protection projects.

Within the last four years, Mr. Hoylman has worked at 33
landfills in 13 counties throughout California. This work includ-
ed siting, geotechnical, closure/postclosure, environmental, and
permit assistance for Class I, II, and III disposal facilities. Mr.
Hoylman was responsible for the design and installation of
vadose monitoring systems at some of the largest landfills in

California. He has worked successfully with federal, state, and
county agencies, as well as private disposal facilities.

A Registered Geologist
in the states of California and
Oregon, Mr. Hoylman
received his M.S. in Geology
from the Universi ty of
California at Los Angeles and
his B.S. in Geology from the
Univers i ty of Hawai i in
Honolulu. He is a Registered
Professional Hydrogeologist
with the American Institute
of Hydrology, and a member
of the Society of Exploration
Geophysicists.

^^
Edward Hoylman, R.G.

• James F. Howard, Ph.D., is a new Principal in
ENVIRON's Irvine office. He has over 26 years of experience
in hydrology, geology, hazardous waste management, ground
water development and management, and aquifer remediation.
Formerly Principal Hydrogeologist at Harding Lawson
Associates, Dr, Howard has experience in all phases of the
development, protection, and management of ground water
resources, and has directed over 200 projects involving aquifer
contamination, monitoring programs, and aquifer remediation.

Dr. Howard has recently served as a specialist in remote-
sensing appl icat ions to
hydrogeologic flow, particu-
larly utilizing lineament anal-
ys is and associated tech-
niques. He has also served as
principal investigator apply-
ing remote-sensing technolo-
gy on numerous investiga-
tions involving water supply
and contaminant movement.

He holds a Ph.D. in
Geology from Ind iana
U n i v e r s i t y , an M.S. in
Geology from the University
of Houston, and a B.S. in
Geology from the University
of Davton.

James F. Howard, Ph.D.
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• Deborah A. Barsotti, Ph.D., D.A.B.T., is a new Manager
in ENVIRON's Princeton office. She has over 10 years of expe-
rience in toxicology, with an emphasis on clinical, reproductive,
and developmental toxicity as related to heavy metals, pesti-
cides, and halogenated aromatic hydrocarbons.

Prior to joining ENVIRON, Dr. Barsotti was Director of
the Division of Toxicology at the Agency for Toxic Substances
and Disease Registry. Dr. Barsotti has also served as an expert
witness and consultant for cases involving Agent Orange,
2,3,7,8-TCDD, and PCBs; toxicity/adverse drug reactions;
and solvent and pesticide toxicity.

A Diplomate of the American Board of Toxicology, Dr.
Barsotti received her Ph.D. in Pathology from the University
of Wisconsin and her B.A. in Biology (Medical Technology)
from Humboldt State
Unive r s i ty , where she also
completed graduate courses
in Biochemistry and Electron
Microscopy. Dr. Barsotti also
currently serves as Adjunct
Associate Professor of
Toxicology at Drexel
University.

J

• David Collins, M.S., a
new Manager in the Arlington
office, joins ENVIRON with
over seven years of consulting
experience for environmental
and engineering projects,
including soil and ground water contamination studies; charac-
terization of ground water flow systems; due diligence environ-
mental assessments; and ground water monitoring and produc-
tion well installation.

Formerly Senior Project Geologist and Project Manager
at Environmental Resources Management, Inc., Mr. Collins
has managed numerous site investigations and due diligence
site assessments. He has also conducted numerous geologic and
hydrogeologic investigations with emphasis on ground water
sampling programs as a Project Geologist at Walter B.
Satterthwaite Associates, Inc.

Mr. Collins is a Certified Professional Geologist in the
state of Virginia and a Registered Professional Geologist in
the state of Delaware. He has an M.S. in Geological Sciences
from Lehigh University and a B.S. in Geology from James
Madison University.

oseph H. Highland, Ph.D., has been

named Chief Executive Officer of

ENVIRON Corporation. Robert M. Wenger,

Esq., has been named President of the firm.

Grover C. Wrenn, former Chief Executive

Officer, has assumed the role of Chief

Operating Off icer of Applied Bioscience

International Inc., of which ENVIRON

Corporation is a wholly owned subsidiary.

• Randy A. Hagen, M.S., R,G., a new Manager in
ENVIRON's Emeryville office, has over eight years of experi-
ence in performing and supervising hydrologic and soil investi-
gations. He has managed remedial investigations of various
types of soil and ground water contamination, including manag-
ing Solid Waste Quality Assessment (SWAT) programs for
landfills throughout California.

Prior to joining ENVIRON, Mr. Hagen was Project
Manager/Hydrogeologist at Herzog Associates, where his
work included conducting extensive, multiphase hydrogeologic
investigations/characterizations of various California landfills.

A Registered Geologist in the state of California, Mr.
Hagen received his M.S. in Geology from the University of
Oregon at Eugene and his B.S. in Geology from San Diego

State University. He has com-
pleted the OSHA 40-hour course
in Hazardous Waste Activities
Training and is certified in
Radiation Safety and Hazardous
Materials Waste Handling.

• Susan H. Youngren, M.S.,
returns to ENVIRON as a
Manager in the Arlington
office after two years as a
Program Manager at the Risk
Science Institute (RSI) of the
International Life Sciences
Institute (ILSI), where her work
included organizing an interna-

tional conference on the differences between children and adults
and the associated implications for risk assessment.

With extensive experience in the areas of exposure assess-
ment, environmental toxicology, and infectious diseases, Ms.
Youngren's previous work at ENVIRON included conducting
exposure characterizations for Superfund risk assessments;
analyzing EPA's method of estimating dietary exposure to
pesticides; and developing and coordinating an EPA conference
to inform groups affected by EPA actions about their use of
risk assessments.

Curren t ly pursuing a Ph.D. in Environmental
Biology/Public Policy at George Mason Universi ty , Ms.
Youngren received an M.S. in Environmental Sciences an
Engineering from Virginia Polytechnic Institute and a B.S. in
Microbiology and Publ ic Heal th from Michigan State
University.
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Publications
1 "Generally Recognized as Safe (GRAS)

Evaluation of 4-Hexylresorcmol for Use
as a Processing Aid for Prevention of
Melanosis in Shrimp," by V.H. Frankos,
D.F. Schmitt, L.C. Haws, et al., in
Regulatory Toxicology and Pharmacology
14:202-212, 1991.

2 "Ethylene Thiourea and Secondary
Mechanisms in Carcinogenesis:

Breaking Out of the No-Threshold
Paradigm," by B.A. Jackson, L.C. Haws,
R.N. Wixtrom, and T.B. Stair, presented at the
American College of Toxicology A n n u a l
Meeting, Savannah. Georgia, 1991.

3 "Updating Developmental Toxicity
Testing Guidelines for the Safety

Assessment of Direct Food Additives and
Color Additives Used in Food: Results of a
Survey," by T.F.X. Collins, T.N. Black, S.L.
Graham, B.A. Jackson, and J.J. Welsh, in
Journal of the American College of Toxicology
10:461-475. 1991.

4 "Painters Solvent Syndrome," by M.A.
Katchen. in Proceedings of the Steel

Structures Painting Council Conference, Long
Beach, California, November 1991,

from
T

ENVIRON

5 "Ground Water Extraction Systems to
Control Both Vertical and Horizontal

Migration of Contaminants," by R.H. Page.
G.A. Cederberg, and M.F. Mohsen, in
Hazardous Materials Control, Sept./Oct. 1991.

6 "Effects of Electrol Acceptor on
Halogenated Organic Compound

Biotransformations in a Biofilm Column,"
by G. Cobb, in Environmental Science and
Technology, June 1991.

7 "Evaluation of External Vapor
Monitoring Devices for Underground

Petroleum Products Storage Tanks," by
G.B Wickramayake . R.E. Hinchee. J.A.
Kind, N.G. Reichenbach, and B.J. Nielsen, in
Hazardous Materials Control, Sept./Oct. 199!.

8 "Free Petroleum Hydrocarbon Volume
Estimates from Monitoring Well Data,"

by G.B. Wickramanayake, N. Gupta, R.E.
Hinchee, and B.C. Nielsen, in Journal of
Environmental Engineering 117(5):686-691,
1991.

9 "Ammonia Removal from High-
Strength Wastewaters by Steam

Stripping," by G.B. Wickramayake, in
Proceedings of the Hazardous Material and
Environmental Management Conference, 1991.

1 f\ "Kinetics of the Inactivation of
Jl \J Microorganisms," by G.B.
Wickramayake and O.J. Sproul, in
Disinfection, Sterilization, and Preservation,
4th edition (ed. S.S. Block), 1991.

U "Disinfection and Sterilization by
Ozone," by G.B. Wickramayake, in

Disinfection, Sterilization, and Preservation,
4th edition (ed. S.S. Block), 1991.

TO ORDER ANY OF THESE PUBLICATIONS
AT NO COST, FILL OUT AND MAIL THE

ENCLOSED BUSLNESS REPLY CARD.

EMBERSHIPS

KIM R. GREEN, ARMY SCIENCE BOARD, 1991-92.

MARK A. KATCHEN, CALIFORNIA INDUSTRIAL HYGIENE COUNCIL. BOARD OF DIRECTORS.

CINDY F. KLEIMAN, ASSOCIATION FOR THE ENVIRONMENTAL HEALTH OF SOILS, CHARTER MEMBER.

JAMES T. O'RouRKE. HAZARDOUS WASTE COMMITTEE, WATER POLLUTION CONTROL FEDERATION,1991-93.
INDUSTRIAL WASTE COMMITTEE. WATER POLLUTION CONTROL FEDERATION, 1991-93.
INDUSTRIAL WASTE PRE-TREATMENT TASK FORCE, WATER POLLUTION CONTROL FEDERATION, AD HOC.

JOSEPH V. RODRICKS, COMMITTEE ON RISK ASSESSMENT OF HAZARDOUS AIR POLLUTANTS, NATIONAL ACADEMY
OF SCIENCES (MANDATED BY THE CLEAN AIR ACT OF 1990), 1991-93.
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About the Authors

A New Look at Lead—Current Public Health and Regulatory Climate

Susan ML Brett, M.P.H., is a Principal in the Arlington office who has considerable experi-
ence in evaluating the effects of toxic substances on human health. Her expertise is in the
occupational and environmental health field, with emphasis on the analysis of human clini-
cal and epidemiological data, and general toxicity data.

Susan H. Youngren, M.S., is a Manager in the Arlington office. She has extensive experi-
ence in exposure assessments, environmental toxicology, and infectious diseases.

Restoring Science to Superfund Risk Assessment

Robert H. Harris, Ph.D., co-founder and Principal in the Princeton office, has over 20
years of experience in environmental health and engineering, with particular emphasis on
water and air pollution and hazardous waste issues.

David E. Bur-master, Ph.D., is President of Alceon Corporation in Cambridge,
Massachusetts. His areas of expertise include public health and environmental risk assess-
ment. Drs. Harris and Burmaster previously worked together on the President's Council on
Environmental Quality in Washington, D.C.

Quantitative Environmental Analyses in Insurance Litigation

Charles F. McClane, Ph.D., is a Manager in the Arlington office. He has over ten years
of experience in hydrology, particularly the development and use of ground water flow and
contaminant transport models.

Assessing Risks of Neurotoxicity

Mary Burr Paxton, Ph.D., has considerable experience in quantitative risk assessment and
genetic toxicology. Her areas of expertise include evaluating the health risks associated with
individual chemicals and appraising the risks posed by specific sites.

Thomas B. Starr, Ph.D., is a Principal in the Arlington office. His areas of expertise
include improving epidemiologic methods for assessing the effects of chemical exposure
on worker health and assessing environmental risks from exposure to toxic materials.
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Superftmd: A program
without priorities

By Curtis C. Travis and
Carolyn B. Doty

The cleanup of hazardous-waste sites in
the United States has become a major
industry. The number of sites on the
National Priority List (NPL) has
reached 1175, and cleanup cost for
these sites may reach $30 billion (1).
Another $55-$74 billion will be needed
for new sites being added to the NPL
(2). In an attempt to obtain an overview
of the Superfund remedial action deci-
sion process, we performed an in-depth
analysis, of. 50. of. the. 74. decisiojis.
signed during fiscal year 1987 (3, 4).
We found a large gap between ex-
pressed expectations for the Superfund
program and reality.

There is a general belief that many
people are being exposed to elevated
health risks at Superfund sites. The
facts do not appear to support this
viewpoint. The Agency for Toxic Sub-
stances and Disease Registry reviewed
288 NPL sites and found 8% with ac-
tual or potential current exposure. Our
review confirms this finding.

The most startling statistic we found
was that before remediation, 70% of all
the Superfund sites had risk levels in
the 10^ to 10~7 range, the same range
that EPA targets as acceptable after re-
mediation. Although estimates of future
risks were often high, these estimates
were based on hypothetical exposure
scenarios. Vfe acknowledge that there is
an intense public demand for cleanup of
hazardous-waste sites. However, given
the limited resources of Superfund, the
immediate focus should be on identifi-
cation and cleanup of sites where risk is
real and current.

Risk assessment, the cornerstone of
EPA's current decision-making process,
plays a limited role hi defining cleanup
priorities. Eighty-eight percent of all
sites reviewed were remediated, with
little correlation between risk levels and
decisions to remediate. All sites with
contaminated soils remaining on-site
were remediated, regardless of risk lev-
els or the likelihood of migration to
groundwater. Risk ranges for contami-
nated groundwater were essentially
identical for sites dial were remediated

Curtis Travis

Carolyn Dory

and those that were not. Remediation
decisions appear to be driven more by
cost, EPA policy, compliance with state
and federal environmental regulations,
and professional judgment than by cur-
rent or future risk levels.

Risk reduction plays a limited role in
the selection of remedial alternatives at
Superfund sites. Despite the fact that
the Superfund Amendments and
Reauthorization Act (SARA) mandates
a cost-effectiveness approach to the se-
lection of remedial alternatives, the de-
gree of risk reduction associated with
remedial alternatives was evaluated
quantitatively in only 12% of the deci-
sions. Cost-risk trade-offs cannot be
made effectively unless risk reduction
is adequately assessed. Therefore, the
lack of assessment of risk reduction is a

major weakness in the present decision-
making process. If protection of public
health is to be the primary goal of re-
mediation, assessment of risk reduction
must be made an integral part of the
remedial alternative selection process.

Ecological risk is not a driving factor
in the current decision-making process.
Although ecological risks were present
at the majority of sites reviewed, no
quantitative assessments of ecological
risk were conducted and no decisions to
remediate were made with reduction of
ecological risk as the primary goal.
Cleanup levels. were_ set.to. ensure, qror
tection of public health, but with no as-
surance of protection of surrounding
ecosystems. The role of ecological risk
needs to be more clearly defined, and
environmental assessment methodolo-
gies need to be established if assessing
ecological risk is to remain a goal of
Superfund.

The selection of effective remedial
alternatives is essential to the remedia-
tion process. However, remedial action
decisions are currently made under a
cloud of uncertainty regarding effec-
tiveness. Sixty-eight percent of the final
remedies reviewed required additional
studies to confirm the extent of contam-
ination, the effectiveness of the technol-
ogy, or its applicability under site con-
ditions (3). Thus, despite the estimated
$30 billion cost of remediating sites
currently on the NPL, remediation is
not guaranteed at the majority of sites.

At some sites, the need for immedi-
ate action outweighs the necessity of
resolving all uncertainties associated
with a remedial alternative prior to se-
lection. However, the majority of sites
do not warrant such a degree of ur-
gency. A major need for Superfund is
an expanded program to establish the
effectiveness of remediation technolo-
gies and identify site-specific factors
that influence effectiveness.

Another key factor in the attainment
of remedial action goals is the selection
of permanent remedies. Although
SARA emphasizes the selection of per-
manent remedial alternatives, only
19% of the source remedies we re-
viewed afford permanence to the maxi-
mum extent practicable. Thirty-five
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Problems Associated with tjie Use of
Conservative Assumptions in Exposure
and Risk Analysis
L. Daniel Maxim
Everest Consulting Associates, Cranbury, NJ.

INTRODUCTION

Because many of the qualitative and quantitative factors underlying exposure and risk
analyses are uncertain, it is common to choose assumption models, and inputs so as to
minimize the likelihood that the resulting exposures or risfc8 are understated. The maxim
"better safe than sorry" succinctly summarizes the rationalefor "conservative," "plausible
upper-bound," or "worst-case" approaches to analysis. H^wever. most analyses involve
numerous inputs, assumptions, and/or conventions. If conserva«ve choices are made for
each, the resulting estimates may grossly exaggerate the actual risks-precluding (or at
least undercutting) the development of wise public policy

The Office of Management and Budget (OMB) in Wasn(nBton' DC» recognizing thai
this was (in part) responsible for the less-than-optimal exp6"^"1* of somc of America's
resources, has expressed concern over this issue. Their coi**™- coupled with Executive
Orders 12291 and I249R. certainly suggests that scientist" involved in risk assessmenl
make the most reasonable assumptions of exposure, rather »nan worst-case assumptions,
in developing assessments.

This chapter is intended to provide useful guidance (°r lhc development of more
realistic risk analyses. Seven specific ideas arc offered which should improve the quality of
risk and exposure analyses. • • . , - • • . • » .

Most of (he specific illustrations in this chapter deal with the polychlonnated biphenyts
(PCBs). But our experience suggests that this class of chrmicals 1S not "tyP*"1* so the
conclusions are more broadly applicable. . . . .

The concerns regarding PCBs are due in part to their ̂ spread use, particularly in
the 1960s and 1970s, their tendency to bioaccumulate (f-2>. and studlcs indicating a
carcinogenic potential in laboratory animals. In additiP"- numerous industrial and
commercial sites are contaminated with these chemic^8- Federal, stale, and local
regulatory agencies have been struggling to develop tt#lfatte Pollc|es for controlling
human exposure to PCBs, so there is a large data base for eaam!nation and revicw-
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of these risk assessments are critically evaluated here. A critical analysis of numerous
assumptions which can dramatically affect risk estimates is offered. Alternative assump-
tions and approaches are suggested.

THE SOURCES OF CONSERVATISM: UNCERTAINTY AND
COMPLEXITY

The word conservatism is used here to mean the selection of assumptions, parameter
estimates, models, or procedures that are designed to ensure that resulting estimates of
health risks are unlikely to be understated. The wisdom of conservative choices is
addressed later in this chapter, but it is first important to understand the sources of
conservatism in risk and exposure analyses.

Basically, conservatism is often introduced because exposure and toxicity informal ion
are lacking and/or ambiguous. Consequently, there is often considerable uncertainly
surrounding key assumptions that enter a risk analysis. For example, in the extrapolation
of dose-response data from animal studies to estimate human health risks, sources of
uncertainty include:

I. The selection of biological endpoint (e.g., liver tumor, lung neopfasia, total malig-
nancies) for analysts.

1 The appropriate species-to-human dose equivalence or scaling factor (e.g., mg/kg day,
ppm in diet, surface area).

3. The relevant animal data set for analysis.
4. The statistical models and estimation procedures used for extrapolation:

Additionally, risk analysis of commercial compounds may be complicated if, as is
the case with PCBs, these are mixtures of compounds rather than "pure" compounds.
(Even with "pure" compounds, trace impurities may significantly affect the toxicity.)

Polychlorinated biphenyl, for example, is an operational term given to a series of
chemical compounds produced industrially by chlorination of biphenyl with anhydrous
chlorine and iron filings or ferric chloride as a catalyst (3). Commercially available PCB
preparations contain chlorinated biphenyls with varying degrees of chlorine substitution
on the biphenyl ring with the generic formula, CnH,0_fClr, where r is the total number
of chlorine atoms per molecule. PCBs were manufactured in the United States by
Monsanto under (he trade name Aroclor, and by manufacturers in other countries under
other trade names, including Kancchlor in Japan, and Clophen in West Germany.
Table I shows the approximate percent composition according to degree of chlorine
substitution of these commercial mixtures.

The situation is made yet more complex with PCBs than implied by Table I, because
numerous isomers of each of the chlorinated biphenyls are theoretically possible, some
209 congeners in all, and until recently congener-specific analyses were not available.
The variability of composition of compounds included in the blanket term PCIt
complicates the preparation of a risk analysis because, as noted below, the various
mixtures and individual congeners have different toxicities. Moreover, differing congener-
specific environmental transport rates alter the composition of PCBs in environment.il
media.

In this chapter, the word uncertainty is used in a manner consistent with that employed



TABLE t. Approximate Percentage Compositioa of Some Coamwrciai PCS Products

Aroclor Type or Grade

Chlorobiphenyl
C12Hto
C12H,CI
c,3H,aac,2H7a,
c,2H6cu
c,2H3a,
Ci2H4CL;
C12HjCI7Ci2H2a§

ciaalCI*
Average % chlorine

1016

<0.1
1

20
57
21

1
<0.1

42%

1221

11
51
32
4
2

0-5

21%

1232

6
26
29
24
15
0.5

32%

1242

<0.1
I

16
49
25
8
1

<0.1

42%

1248

2
18
40
36
4

48%

1254

<ai
<O.I

0.5
1

21
48
23
6

54%

1260

12
38
41
8
\

60%

KC-300

17
60
23
0.6

42%

Kanechlors

KC-400

3
33
44
16
5

48%

Oophens

KC-500

5
27
55
13

54%

A 30
—

1
21
57
17
2

—
—
—
—

30%

A 60

—
—

1
2
3

20
43
25
5

—

60%

Sources: PolycMorinated Biphenyls. The National Research Council National Academy of Sciences, Washington. DC 1979; O. Hutzinger, S. Safe, and V. Zitko, The
Chemistry of PC Bs. CRC Press, Boca Raton. FL. 1980, p. 8; D. N. Paul Michael Monsanto, personal communication; and Schaefferetal- op cit. The figures cited for the
Clophens are taken from Schaeffer.

TABLE 2. PCS Potency — Lifetime 1 IK

Risk
Probability
Calculation

Less than 10" l°

3.4 x 10''

2.3x10-'

3.6 x 10- T

3.2 x 10-'
8.7 x 10-*

1.5 x 10-*

1.5 x 10- *

3.2 x 10- *
3.6 x 10- *

4.2x10-*

4.2 x 10-*
6.0 x ID'5
6.8 x 10-'
1.9 x ID'*
13 x 10'*
3.2 x 1Q-*

4.1 x 10-*
1.9x10'*

•5 UxlO' 1

2.7 x 10' 3

4.3 • !0-'

Model

Probil

Logistic

Logistic

Extreme value

Logistic
Multistage

One-hit

One-hit

Multistage
One-hit

One-hit

Multistage
One-hit
Multistage
One-hit
Multistage
Multistage

Multistage
i
i
t

Multistage

remtntal Health Effect*

Basis Tor Animal
to Human
Conversion

ppm

^8/kg

ppm

ppm

ppm
ppm

mg/kg-day

Unstated

ppm
ppm

ppm

mg/1cg-day
ppm

mg/kg'day
ppm

«/dcg)"
mg/kg-day

fgAkg)2'1
Surface area
Surface area
Surface area
Surface :ire:i

Amocuieri with * Lifetime Coaaumptioa of 1 gram of PCB

Uses Upper
Confidence

Bound

No

No

No

No

No
No

No

No

No
No

99%

No
99%
95%
99%
No
No

95°.
• No

•>
95°,,
i)5-' .

Aroclor

1254

1254

1254

1254

1254
1254

1260

1260

1254
1260

1254

1254
1260
1254
1254
1254
1260

1254
?

1260
•>

1260

Bioassay Data

NCt liver carcinoma, adenomas.
and hematopoietic system

NCI liver carcinoma and
adenomas

NCI liver carcinoma and
adenomas

NCI liver carcinoma and
adenomas

NCI hematopoietic system
NCI liver carcinoma and

adenomas
Kimbrough hepatocellular

carcinoma
Kimbrough hepatocellular

carcinoma
NCI hematopoietic system
Kimbrough hepatocellular

carcinoma
NCI liver carcinoma and

adenoma
NCI total malignancies
Kimbrough liver carcinoma
NCI total malignancies
NCI total malignancies
NCI total malignancies
Kimbrough hepatocellular

carcinomas and neoplastic
nodules ,

NCI total malignancies
?

Kimbrough
•>

Norhackand \Vehman

Calculation
Maxim and Harrington

Maxim and Harrington

Maxim and Hairing?

Maxim and Harrington,

Maxim and Harrington
Maxim and Harrington

OTA (Crumpt

Decision Focus, Inc.
based on EPA-OTS

Maxim and Harrington
OTA (Crump)

FDA

EPA-OTS
FDA
EPA-OTS
FDA
EPA-OTS
CAL-Health, recomputed

EPA-OTS
CAL-Health
EPA-OHEA
CAL-Health
E PA cued in ATSDR
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by Whipple (4): "a lack of definite knowledge, a lack of sureness; doubt is its closest
synonym" (see also Wilson and Crouch, 5). Risk, in contrast, is used to measure the
probability and severity oftoss or injury. Both risk and uncertainty may be couched in,
probabilistic terms; the lack of predictability arises from insufficient knowledge in the caw
of uncertainty rather than from the probabilistic outcome of a well-understood stochastic
process in the case of risk.

Real uncertainties often surround the analysis of dose-response data (points 1-4
above) in the case of most chemicals, including PCBs. The selection of the appropriate
assumptions and models is often ultimately judgmental. Even the interpretation of the
basic data is seldom unequivocal. Barnard (6), for example, illustrates data interpretation
problems for bioassays with the case of nitrites:

Problems of evaluation arise not only because of the mass of experimental data and questions of
(heir validity, but also because the interpretation of the data is ultimately judgmental. A well-
known example is nitrites. The original bioassay was reported to be positive; great public uproar
and regulatory activity took place because nitrites are important antibacterial additives to meat
Upon full peer review of the data, the study was judged to be negative.

Dose-response model identification and estimation involve substantial uncertainty
(7-11), as does the choice of scaling factors [e.g., on a weight versus a surface area basis,
(12)], and the other elements above. Depending on how these uncertainties are handled,
the estimates of human health risks for a chemical under investigation can differ by
orders of magnitude. Table 2, for example, shows a sampling of potency values—here
shown in approximate terms as the lifetime incremental health risk associated with the
consumption of 1 g of PCBs—taken from the literature. For example, the 1.9 x 10~*
risk per gram estimate in Table 2 is derived as follows. Cordle, Locke, and Springer (13)
estimated that 50th percentile fish eaters consumed an average of 8.46 /ig PCB/day. The
corresponding lifetime dose is 8.46 x !0"*g/day times 365 days/yr times 70yr/Iifetime,
or 2.16 x 10"'g PCB/lifetime. Based on National Cancer Institute (NC1) data, Cordle
et al. concluded that eaters of contaminated fish would experience an incremental lifetime
health risk of 4.1 per 1000,000. Thus, the incremental lifetime risk associated with the
consumption of Igof PCB is 4.1 x I0"3/2.l6x 10"' or 19 x 10~*. This estimate used
total malignancies, from the NCI study as the end point, a 99% statistical upper confidence
estimate of the dose-response slope of a one-hit model, and based the species-to-human
conversion on the assumption that equal parts per million (ppm) in the diet would
produce an identical response.

The risk estimates given in Table 2 span approximately seven orders of magnitude from
less than I0~'° to 4.3 x 10~3. Although it may be argued that not all the estimates in
Table 2 are equally likely, all have some degree of scientific credibility. Similarly broad
ranges in risk have been observed for vinyl chloride, saccharin, and other compounds (14),
so the estimates for PCBs should not be viewed as atypical. What then is a "reasonable"
way to deal with this uncertainty? (We are mindful of Ambrose Bierce's cynical definition
of reason: "to weigh probabilities in the scales of desire.")

Although numerous approaches have been proposed for quantifying and otherwise
treating uncertainty, regulatory agencies have generally opted to choose the most
conservative among the alternative risk estimates. For PCBs, this means (expressed in
risk/gram terms) accepting a potency of the order of I0~3, rather than any smaller
estimate. For example, the recent Agency for Toxic Substances and Disease Registry
(ATSDR) draft Toxicologic;il Profile for PCBs (15) cites a potency (expressed in the units
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liven in Table 2) of 4.3 x tO~ 3 without any mention of the fact that this estimate is the
largest among many alternatives.

As noted, one of the issues that serves to complicate the selection of a potency estimate
Tor PCBs relates to the variable composition among the commercial mixtures coupled
with evidence that the toxicity varies among these mixtures. For example, an NCI study
on Aroclor 1254 stated (16):

It is concluded that under the conditons of this bioassay, Aroclor 1254 was not carcinogenic
in Fischcr 344 rats.

But the study generally regarded as providing the most convincing evidence of the
earcinogenicity of PCBs (17) is that conducted by Kimbrough el al. (18). This Kimbrough
siudy used Aroclor 1260, a mixture containing approximately 60% chlorine (q.v., Table I).
Moreover, the Norback and Weltman study (19) (used as the basis for EPA's recent
potency estimate) also used Aroclor 1260 (of unreporled purity) for its feeding studies.
That these latter studies used only Aroclor 1260 is important because there is strong
evidence from numerous studies that the biological activity of PCBs is a function of the
degree of chlorination:

t. Feeding experiments over 224 days with Kanechlor 300,400, and 500 in mice were
conducted by Ito et al. (20). Hepatocellular carcinomas were induced only by the
highest chlorinated compound, Kanechlor 500 (q.v., Table I)!'

2. A study by Schaeffer et al. (21) indicated that at the end of an 800-day feeding experiment,
the incidence of hepatocellular carcinoma in rats fed Clophen A 60 (similar to Aroclor
1260 q.v., Table I) reached 48%, whereas only 3% of those fed Clophen A 30 and
0.8% of the controls were similarly affected. It is unfortunate that ATSDR remarked
(p. 72) only that the Schaeffer study "demonstrates that PCB mixtures free from
contamination with furans elicit a carcinogenic response." (The study reported that
the Clophens were free of chlorinated dibenzofurans, but test method, level of detection,
and actual results were not specified.) In fact, the Schaeffer study has much broader
implications. Table 3 shows the Schaeffer data. The incidence of hepatocellular
carcinoma was elevated (in a statistically significant manner) only for Clophen A 60.
Thus, the results of this study not only supported other findings that PCB mixtures
containing 60% chlorine by weight were associated with hepatocellular carcinoma
in rats, but also indicated that PCBs containing lesser amounts of chlorine were not

TABLE 3. Frequency of Hepitocelhriar Alterations Induced by Chronic Feeding Studies with
Clnphen A .TO md Clophen A 60

Controls
(group 1)

Clophen A 30
(group 2)

Clophen A 60
(group 31

Number of Foci

6/131
(4.5%)

63/130*
(48%)
3/126
(2.4",',)

Neoptastic Nodules

5/1 31
(3.8'7n)

38/130*
(29"-J

63/126*
(50-;,)

Hepatocellular
Carcinoma

1/131
(o.H-;;.(
4/130
(3%)

61/126*
(4«"i)

V-'itrrc; Schitcflcr cl al., us tiled in Harbison ct :tl.
''Vnotes ;i significant difference from (he control value (P = 0.051.
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proven to be carcinogenic. Even if it is argued that Clophen A lack of significance
was solely an artifact of sample size, the raw data is consistent with the finding that
the potency of A 30 is at most 1/16 that of A 60! This finding is absolutely at variance
with the assumption made by EPA and ATSDR that "all PCBs have equal potency."

3. Schaefferet al. (21) also note.

Both the DHEW Subcommittee on Health Effects of PCBs and PBBs (1978) and Ecobichon
(1975) have reported that the toxic potency of PCBs (hepatic enzyme induction, hepatocarcimv
genie effect) increases with increasing chlorination and chlorine substitution in the para, orlho.
meta positions, respectively.

These and other results support the notion of increasing biological hazard with increasing
average degree of chlorination of PCB mixtures. Thus, KJmbrough's and Norback and
Weltman's results with Aroclor 1260 have to be viewed as a "worst case," and moreover,
an "unlikely worst case" as production of 1260 only accounted for a minority of total
domestic PCB production (21). (According to Monsanto, production of Aroclor 1260
accounted for only 10.6% of total Aroclor production over the period 1957-1977.)

Uncertainty is not confined to potency estimates. Some of the quantities used in a risk-
exposure analysis include the following:

1. Initial contaminant concentrations.
2. Physicochemical constants to describe the kinetics or contaminant transport between

environmental compartments.
3. Exposure frequency of humans to contaminants in various environmental

compartments.
4. Human contact (uptake) rates (e.g., soil, accretion rates, soil ingestion rates, respiration

rates, consumption rates for various foodstuffs) for alternative exposure pathways.
5. Unavailability fractions (e.g., absorption rates through skin).
6. Dose-response parameters and models.

Many of the parameters, constants, and variables in models relevant to I -6 are not known
with accuracy. As simple a quantity as soil ingestion rates—a key parameter in many PCB
risk analyses—for example, admits to numerous estimates, such as are shown in Table 4.
These estimates range over almost three orders of magnitude, from 25 to 10,000 mg/day.

Faced with these uncertainties and complexities, the regulatory response has general!)
been to avoid making choices that could potentially lead to underestimates of human
health risk as illustrated above with potency estimates for PCBs. In some cases, this
response has been implicit. But in others, conservative assumptions have been explicit!}
mandated by regulatory agency policy. For example, the carcinogen assessment guideline*
employed by numerous federal and state regulatory agencies are clearly conservative, a
fact acknowledged in a recent critical report by the Executive Office of the President.
Office of Management and Budget (38), as shown in Table 5.

The conceptual rationale for conservatism in exposure and risk analysis is a perception
among regulatory agencies that the "social cost" of "false positives" (incorrectly judging a
contaminant to present a hazard) is less than that of "false negatives," a theme developed ai
length in a thoughtful article by Whippie (4).

TABLE 4. Estimate* tally Soil tngc9tlofl from Various Sources

Age

Toddlers
1

4.3 years (mean)

1-3 years

2-6 years

1-3 yean

Various

Various
unspecified

2-6 years

0-9 months
9- 18 months
1.5-3.5 years
3.5-5 years
5 years
IS years
6 years
Adults

1-3 years

0-) yean

Various

01 year
1-6 yean
*-ll yean
0\cr 1 1 yean
1 5-3.5 years

Daily
Ingestion Rate

(mg/day)

ton
33

100

10-1.000

25

140-430

40

100

100-5,000

0
1,000

10,000
1,000

too
164
24
61

ISO

2,500

too

50
100
50

20-50
100

Source

Barltrop(22| 1973
Bryce-Smilh 1974

Lepowe(al.(24,25)
1974, 1975

Day et at. (26) 1975

Duggan and Williams (23)
1977

Mahafley (27) 1977

National Research
Council (28) 1980

EPA (29, cited in 28) 1983

Schaum(30) 1984

Klmbroughela1.(31)

Hawley (32) 1985

Binder etal. (33) 1985

Dime (34) 1985

EPA (35) 1985

Clement Associates (36)
1986

Pauslenbachelal. (37)
1986

Remarks

Ciled in Duggnn
and Williams (23)

Based on observations of
mouthing behavior

Based on ingestion of
soil on candy

Estimate or amount of
street dust that urban
children ingest daily

Based on estimate of
paint consumption by
children with pica

Recommended for the sake
of exposure calculations

Lead in air study

Upper end of range
represents habitual
pica consumption

Reportedly based on
study of lead exposure;
generally thought to be
an overestimate

:
Includes both soil and

dust ingestion; rates
calculated on 365-day/
yr basis

Based on measurement
of trace elements —
upper 95% percenlile
less than 600 mg/day

Used in state of New Jersey
risk analysis for PCBs

Superiund health assessment
manual

Used in Smuggler Mountain
endangerment assessment;
meant to summarize
literature estimates

Based on complete review
of literature
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TABLE 5. OMB Characterization of Cancer Assessment Models Empto., by EPA and Other
Federal Agencies

A Tew examples or these cautious or conservative assumptions are: (I) treating all benign tumors at
malignant, (2) using data about only the most sensitive animal species and sex. and (3) using
conservative m;ilhcm;ilica1 models loexlrapolale from high to low doses. Each of these three kinds of
nssumptions is discussed briefly below.

All benign tumors treated as malignant. In Interpreting animal studies, agencies frequently interpret
both benign (noncancerous) tumors and malignant (cancerous) tumors to be equally strong
indications that a substance is a carcinogen. Scientists know, however, that not all benign tumor*
evolve into malignancies. Studies that treat benign tumors (he same as malignant tumors can
overstate the real risk presenl. Some risk assessments based on animal studies have concluded thai a
chemical is carcinogenic solely because of an increased number of benign tumors. Assuming lhal all
benign tumors will become malignant will not produce a best estimate of the risk.

Us* of most sensitive species and sex. Even though the results of several animal studies may be
available Tor a particular suspected carcinogen, it is not unusual for the risk eslimate lo be derived
only from the data for the most sensitive exposed species and sex. Thisconservalive approach lends to
over predict the risk to humans, because it assumes that humans arc as sensitive as (he most sensitive
animal tested even when the most sensitive animal tested is hundreds of times more sensitive than any
other animal tested. Furthermore, by using the same data to derive the risk eslimale and to delermine
the most sensitive species, (he chance is increased that statistical anomalies will lead to overestimates
of the risk. (If a statistical anomaly causes an upward bias in the estimated risk Tor a particular species,
it will also increase the chance that that species will be selected as (he most sensitive.) A more accurate
estimate could be derived from a weighted average of all the scientifically valid, available information.
Conservative extrapolation from high doses to low doses. To delermine the risks to humans from
exposure lo a substance, scientists must extrapolate (or eslimate) from the results of high doses in
animal experiments to (he comparatively low doses of human exposure. This extrapolation relics
upon statistical models. The risk from exposure to low doses cannot be determined with certainly. In
making (he extrapolation, (he common practice is not to make a best eslimate of the risk from human
exposure lo low doses, but lo delermine what a maximum risk would be. Often, such an extrapolation
has a 95 percent chance of overstating (he true risk. Usually, the explanation for using Ihcv
conservative assumptions is to ensure that the actual risk is nol underestimated. However, the
resulting risk eslimale can be over one hundred limes greater than the best estimate of the risk.

Whipple suggests another factor that encourages conservatism (39):
An additional factor encouraging conservatism is how a regulatory agency's decisions might be
judged in hindsight. An overconirolled risk will probably drop from sight once a decision it
implemented and control investments made, despite continuing social costs, But an undercon-
(rolled risk, possibly discovered through the identification of victims, is far more disturbing for a
regulatory agency.

CONSERVATISM CHALLENGED: EVOLVING PERCEPTIONS AND
EXECUTIVE ORDERS I229I AND 12498

Notwithstanding the above, there appears to be a growing awareness in the regulator*
community that (i) conservative assumptions can significantly overstate risks, (Ji) such
overstatement could actually be ultimately counterproductive, and (iii) more realistic
risk estimates are appropriate.

Table 6 presents a selection of observations from regulatory personnel, environ-
mentalists, and academics that address uncertainty, conservatism, and the consequence!;

TABLE 6. Uncertainly, conservatism, and Resulting Consequences In Risk Analysis

Statement Reference/Remarks

Historically at EPA it has been thought prudent to make what
have been called conservative assumptions; that is, our values
lead us, in a situation of unavoidable uncertainly, to couch our
conclusions in terms of a plausible upper bound. This means
lhal when we generate a number that expresses the potency of
some substance in causing disease, we can stale that /( is
mtikely that the risk projected is any greater.

This iifine when the risks projected are vanishingty small: it's
always nice to hear thai some chemical is not a national crisis.
But when the risks estimated through such assessments are
substantial, so that some action may be in the offing, the stacking
of conservative assumptions one on top of another, becomes a
problem for the pot icy maker. If I am going to propose controls
that may have serious economic and social effects, I need to
have some idea how much confidence should be placed in the
estimates of risk that prompted those controls. I need lo know
how likely real damage is to occur In the uncontrolled,
partially controlled, and fully controlled cases. Only then can I
apply the balancing judgments that are the essence of my job.
[emphasis added]

W. D. Ruckelshaus, former
EPA Administrator (40)

fm skeptical of quantitative risk assessment, at least in the
cancer field. The science is too Imperfect, and the results are
likely lo be used literally, because all the caveats get lost.

K. Ahmed, Research
Director for the Natural
Resources Defense
Council (41)

Milton Russetl, Assistant Administrator for Policy, Planning, and
Evaluation at EPA, added that "depending on which animal
>ou use, and whether you use a model that uses surface area
or weigh!, you can get a difference in risk of up to 39,000
limes." He went on to add that uncertainties in the risk
assessment process are multiplied (nol added) and in the case
of cancer risk this leads to extreme conservatism in the
decision-making process. "If you are relatively sure of the
probability of risk, like automobile accidents, (he range of
uncertainly is narrow, and (he difference between a plausible
upper bound and a maximum likelihood and a plausible lower
bound is relatively small. But if you are quite uncertain (as we
ate in many of these health effects), the range between this
upper and lower bound is very, very large. Multiplying the
large uncertainties associated with each factor in the estimate
\tads to cascading conservatism in decision making," [emphasis
added]

B. Barker (41)

Often each conservative assumption Is made by a different
scientist or analyst responsible for a portion of the risk
assessment. Each may think that erring on the side of caution
or conservatism is reasonable. However, the effect of these
individual conservative assumptions is compounded in the final
eslimale of risk presented (o the decisionmaker.

OMB (42); see also Nichols
and Zeckhauser(12) for a
numerical example
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TABLE 6. {Continued)

Statement Reference/Remarks

In practice, there may be as many as 20 distinct stages in a risk
assessment where conservative assumptions are made. A
typical risk assessment would probably contain about (0. The
final risk estimate derived from these compounded conservative
assutnpiions may be more than a million times greater than
the best estimate and may, thus, have a probability of being
accurate that is virtually zero. Some combinations or these
highly cautious assumptions so overstate the risk that they are
unrealistic.

More recently, EPA has adopted the multi-stage model which D. R. Patrick (43)
has a linear component at low doses (4). This model assumes
(hat cancer is caused by a series of mulational steps, whose
occurrence [sic] rcsl bolh on a dose and potency. This model also
results in a conservative estimate. Most scientists accept these
models as giving plausible upper limit estimates for a
chemical's potency at low levels of exposure. In other words,
the potency of a substance is unlikely to be higher that [sic]
estimated using the linear model, but could be substantially
lower. Vse of the linear non-threshold models reflects EPA's
decision to err on the side of caution In the face of uncertainties.
The final result of the linearized extrapolation is a "unit-risk
factor," which gives the estimated upper limit lifetime risk per
unit of exposure, [emphasis added]

These gaps in our scientific understanding and data limitations
imply that it is difficult to conduct a good risk assessment. It is
no surprise that (hey vary in quality. The many stages where
judgment must be applied make it very easy for the results to
substantially overestimate or underestimate the unknown true
risks. Because a government agency's mandate typically is to
protect the public, or to be safe rather than sorry, the cumulative
effect of these conservative assumptions may be very large. The
resulting risk estimates often are treated as plausible upper
bounds. Unless the uncertainty associated with each
assumption is slated, risk managers often view these risk
estimates as actual risks, [emphasis added]

The Agency is not alone in its concern that different assumptions
and different mathematical models used can significantly alter
the outcome of risk assessment. When the Occupational Safety
and Health Administration (OSHA) published its cancer policy
in 1980, it did detailed comparisons of how estimates of
carcinogenic risk can vary with the assumptions used in
developing the estimates (45 FR 5198-5200). By varying the
method of tow dose extrapolation used, and the toxicology or
epidemiology study which formed the basis of the risk
assessment commenters to the OSHA policy developed risk
estimates for exposure to t ppm of vinyl chloride which ranged
from 10"' (one in one hundred million) to 10" ' (one in ten, or
10%). A similar exercise with saccharin by NAS, and reprinted
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A. Fisher. EPA (44)

United Slates
Environmental
Protection Agency (45)
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TABLE*. (Com,

Statement Reference/Remarks

in the OSHA policy (45 FR 5200), estimated the expected
number of cancer cases in the general population (exposed at
0,12 grams/day) at between 0.001 cases per million exposed,
and 5200 cases per million exposed. These differing estimates
were developed by using different low-dose extrapolation
models and different animal-lo-human extrapolation
methods—all of which had some credence in the scientific
community.

Recent research has also shown a need to reevaluale (he role of
"conservatism" in assessing and managing risk. Making a
"conservative decision" (i.e., one that is likely to be more
protective of health and the environment than an alternative
decision) is widely accepted as a prudent practice in risk
management. In keeping with the recommended separation of
risk assessment and risk management activities, however,
conservative assumptions, conservative models, conservative
estimates, etc., should not be key elements In the science-based
risk estimation steps. A catenation of conservative assumptions,
models, and estimates throughout a risk assessment can lead to a
"worst-case" (or even worst-af-the-worst~cases ) prediction that
may be of little value (or possibly misleading) to the decision
maker. Most decisions actually involve "either-or" choices
between technological alternatives with different risk levels
rather than a "yes-no" choice on a single risk. When dissimilar
alternatives require different analysis procedures, conservatism
ambiguously or inconsistently applied could lead (o biased
results and poor decisions—even to the choice of a technology
that is less protective of human health and the environment
and possibly more costly to society than an available
alternative. Best estimates of the risks, costs, and benefits for
the alternatives, coupled with consideration of their
uncertainties (including worst-credible case considerations),
should produce the optimal basis for decision making. The
Council on Environmental Quality has recently noted that
"rules of reason" should replace worst case analysis as the
basis of regulatory decision making, [emphasis added]

Midwest Research Institute
(46)

lo risk and exposure assessment. It is particularly noteworthy that senior officials at
EPA are beginning to understand the problems occasioned by making conservative
choices at several points in the analysis and to rethink the wisdom of these procedures.

As indicated by these quotes, current thinking appears to be shifting away from the
"bettcr-safc-than-sorry" premise toward the development of models and selection of
assumptions that more accurately portray the actual risks. The place Tor conservatism (if at
all) should be in the risk management rather than the risk analysis phase of regulatory
action. Raiffa (47), Chairman of the Committee on Risk and Decision Making, National
Research Council, offered the following suggestion:
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Probabilistic reports should nor prejudice policy Issues and purposely report with a prudent bias.
Cascading prudent reports coutd result in imprudent actions, and there is a danger of double-
count ing competing risks. Such reporting should be honest, and not attempt to second-guess
policy choices. Probabilistic reports about diverse consequences to health. Tor example, are very
often slanted to be conservative. I believe that it is belter to report honestly, and that prudence
should, more appropriately, be accounted for In the evaluation process, rather than in the assessment
process, [emphasis added]

Barnard (48) echoed these comments in an essay on the partnership between law and
science in risk analysis and risk management:

It Is sometimes said thai the scientific evaluation or risk should be "conservative" because it deals
with human health. But this puts "conservatism" in the wrong place in the regulatory structure, ll
is the Function of the regulator to apply the social criteria of cost, safety, reasonableness, and
acceptability. It is in making these decisions that "conservatism" may play a role. If a scientific
evaluation is constrained in the name of "conservatism" by social values or management policy,
the result will be biased in unobvjous ways. Such an evaluation does not provide a sound basis for
the difficult social/legal decisions a regulator must make.

Nichols and Zeckhauser (49) also address the problems resulting from blurring the
distinctions between risk analysis and risk management:

In practice, the line between risk assessment and management is often blurred. Fundamental
gaps in scientific knowledge and data limitations make risk assessment a highly uncertain
endeavor, requiring many choices among competing models and assumptions. There is a strong
temptation to have such choices reflect implicit policy judgments rather than science.

This blur is most apparent in current techniques Tor estimating the risks associated wilh
carcinogens, which employ conservative assumptions that bias the estimates upward. The intent
is (o err on the side of safely by minimizing the chance that risks will be underestimated and
thus underconlrolled. But this approach intrudes the risk assessment process into risk
management. In deciding how conservative to make their estimates, risk assessors implicitly
trade off risk against other factors. Unless they explicitly acknowledge these trade-offs and
quantify them, their assessments will mislead others, including those charged wilh managing
risks. For example, risk managers will be more likely to impose a costly regulation if they
mistakenly believe that it can prevent ten cases of cancer than if they correctly realize thai it
will eliminate only one case.

Advocates of the conservative approach are likely to view this tendency toward greater control
as a virtue; conservatism is intended to give extra weight to protecting public health and, under
conditions of massive uncertainly, to err on the side of safety. In fact, however, conservalne
risk assessment is a deeply flawed approach to protecting public health, II violates the distinction
between risk assessment and risk management, concealing value judgments and policy choice*
under a cloak of science. It creates capricious differences in the degrees of safety provided acnw
different substances and policy areas, because degrees of conservatism vary widely. Finally, because
regulators must make complex Irade-offs among different risks (not only between risk and cost),
conservation can lead to less rather than more safely, by misdirecting public concern and scarce
agency and societal resources.

Many of the above ideas (including those given in Table 6) are addressed (explicitly or
implicitly)in Presidential Executive Orders 12291 (February 17,1981)and 12498 (January
4, 1985) directed broadly at regulatory reform. Executive Order 12291 requires benefit
cost analysis of major federal regulations. Executive Order,12498 reaffirmed these
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guidelines and explicitly addressed health and safety matters directly, stating (50) that
"regulations that seek to reduce health or safety risks should be based upon scientific risk
assessment procedures, and should address risks that are real and significant rather than
hypothetical or remote" [emphasis added]. Such language is pointedly directed toward
increasing the realism of risk analysis. Indeed, "improving coordination and consistency in
risk reduction" was one of the principal themes in the recent Executive Office of the
President, Office of Management and Budget (OMB) 1986-1987 Regulatory Program. In
particular, this document defines the regulatory agenda for implementation of the above
referenced Executive Orders. Improvements to risk assessments were a major topic of this
report. OMB was strongly critical of the conservative assumptions often employed in
carcinogen risk and exposure assessment (see Table 5) and highlighted the reasons why
such practices were problematic (51):

Risk Assessments with such extreme conservative biases do not provide declsionmakers with the
information they need to formulate an efficient and cost-effective regulatory strategy. Furthermore,
the inconsistency of these assumptions makes it virtually impossible to compare risks from
different sources, ll is particularly difficult to compare safely risk estimates, which are usually best
estimates, with health risk estimates, which usually are not best estimates, because the latter
embody a series of conservative assumptions. Even different estimates of health risks may not be
comparable because of the different degrees of conservatism built into them. Where risk estimates
for two different risks cannot be compared, it will be impossible to compare the effects of
regulations controlling them.
A perverse and unfortunate outcome of using upper-bound estimates based on compounded
conservative assumptions is that It may lead us to regulate insignificant risks and Ignore mare serious
risks. Furthermore, the more uncertain we are about the risk posed by a particular hazard, the
higher Ihe upper-bound risk estimate will be. Therefore, the less information we have-on the risk
posed by a potential hazard, the more likely we are to regulate it. Other hazards that pose certain
but smaller risks are not considered as dangerous and may not be regulated. Yet, hazards with
better understood risks may be more serious.
All the problems we have discussed resulting from compounding conservative assumptions can be
addressed by developing best estimates at each stage of the risk assessment process. Estimates of Ihe
uncertainly and Ihe outer ranges of potential risk can be developed to supplement the best
estimate. Both the best estimate and these supplementary risk indicators should be made available
to decisionmakers. Then, if regulatory decisionmakers want to choose a very cautious strategy of
risk control, they could do so and a margin of safety could be applied at the final decision and
would be based on all the available Information about its consequences and those of alternative
strategies. The public and affected parlies would also benefit from knowing both the expected risk
and ihe margin of safely rather than being given only alarming and inconsistent estimates that arc
likely to be very different from actual risks.

Only when best estimates of risks and other Information on the likely level of risks are presented to the
JecMonmaker, rather than hidden in the assumptions, can we be sure that we are issuing regulations
that will make society as well off as possible. Fortunately, more review by regulating departments
and agencies and by Ihe Executive Branch has already begun to improve consistency in risk
assessment and risk management and, thereby, improve societal welfare. Executive Order No.
12291 provides a mechanism to help ensure consistency, [emphasis added]

The above quotation—and extended discussion from which it was extracted—
underscores the desirability of and executive branch emphasis on the need for realism in
risk analysis. It remains to identify ways to operationalize this idea. How can risk
assessments be made more realistic?
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SEVEN SPECIFIC SUGGESTIONS FOR IMPROVED RISK AND
EXPOSURE ANALYSES

Shown below are seven suggestions to make risk and exposure assessments more useful
to risk managers. The items in this list are neither exhaustive nor mutually exclusive,
but experience has proven that the ideas contained are useful.

1 Emphasize Best Estimates Rather Than Extremes
As noted, many of the assumptions and numerical inputs to a risk analysis are not known
with certainty. In this circumstance, it is certainly appropriate to consider "conservative"
values to bound risk estimates, but it is even more important to attempt to select "best" or
"most likely" sets of assumptions for risk assessment. As OMB notes (52), with respect
to measures of central tendency:

This measure is favored by statisticians, economists, and scientists because it is the most accurate
measure of what, on average, is likely to happen. The use of the best estimate does not preclude the
supplementary use of other measures in order to understand the varialion around this average,
such as the variability of the risk or its upper or lower bounds. Agencies often—and should—use
these supplemental measures as well. Using the best-estimate approach along with estimates of
uncertainty allows poticymakers to understand the range of possible risks and to choose I he
margin of safety that is appropriate for specific regulations. A regulatory agency could choose to
be very cautious and regulate to protect people against a risk that has a very small chance of
actually occurring, i.e., a risk at the higher end of the range of uncertainty. An agency could choose
to regulate so that the chances of a risk occurring are, for example, only 5 percent, I percent, or 0.01
percent. However, it could be very costly to regulate to this level.

Risk assessments of health hazards—as opposed to safety hazards—particularly those based on
animal tests, rarely develop a best estimate of the risk. Instead, such risk assessments of health
hazards often inform the regulatory officials and the public of only the high end of the range of
uncertainty of the risk, i.e., only what the most cautious estimates are. Regulations based upon
these so-called upper-bound estimates may, therefore, address a risk that is almost nonexistent.
When agencies focus their efforts on regulating insignificant risks, they may end up ignoring other
more significant risks.

Table 2, noted earlier, shows the range of potency estimates reported for PCBs and
illustrates the present emphasis on extreme rather than most likely values. The values
most often employed in risk analyses of PCBs are at or near IO"3 in risk/gram units
[equivalent to a potency of approximately 7.7 (mg/kg-day)'1]. A more reasonable
estimate is likely to be nearer the neon or median of the estimates given in Table 2, say
approximately 10'3, yet few analyses have employed this figure.

Even when mean values are employed in an analysis, other conventions may serve to
bias mean values upward, and the analyst must be careful to spot these biases. For
example, a recent endangerment assessment (EA) conducted at the Northside Sanitary
Landfill (NSL) based some exposure scenarios on the maximum reported contaminant
concentration. Recognizing that these maximum values might overstate exposures, the
analysis also estimated risks associated with mean concentrations. In calculating these
mean values, the authors of the report noted (53):

Several arbitrary conventions were used in calculating means that may bias the means. For
nondetectable results, method detection limits were used for calculating the arithmetic means.
Using method detection limits may bias the mean high where it is reasonable to believe
contaminants were not present; however, this is consistent with current EPA policy.
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Taken to its limit, such a procedure is preposterous—every site could have an arbitrarily
high cancer risk by simply adding (and calculating risks for) chemicals not detected in the
sampling protocol! The NSL EA did not go to this extreme, but resolved the problem by
omitting calculation of means when the proportion of "nondetects" exceeded 20%—and
reporting only risk estimates based on maximum values for cases where this occurred. In
fact, there is a well-developed statistical theory for estimating means from truncated
samples, so no such ad hoc rules are required (54). (In the future, this may be less of a
problem because detection limits are generally decreasing as new analytical procedures
are being developed.)

Best estimates are important in exposure calculations. OMB challenged the use of
worst-case environmental conditions in exposure calculations (55):

Use of worst-case environmental conditions. To estimate what concentrations of a contaminant
reach a point at which humans might be exposed, a chemical's movement through the air, water,
or soil usually must be estimated with a computer model. Movement of a chemical, for example,
depends greatly on environmental conditions, such as windspeed and direction for airborne
pollutants; surface water flow, acidity, and temperature for water pollutants; and groundwater
velocity, flow, and soil type for chemicals that pass through the soil. Often, only one calculation is
made for the entire Nation on the assumption that it is impractical to set different regulatory
standards for different environmental conditions. When a single model must represent conditions
Tor the whole Nation, agencies frequently assume the unique circumstances that together may
present the greatest risk, and then assume that this circumstance exists everywhere in the Nation.
For example, a gravel soil environment (rather than clay or some other soil condition) might be
used in a model because chemicals in groundwater move most quickly through gravel and, thus,
are likely to pose a greater risk. However, since not all soil is gravel, this assumption will overstate
actual risks.

Other examples of worst-case reasoning are legion. In an occupational setting, for
example, EPA, OSHA, and state agencies often assume that a worker is exposed for as
much as an entire working lifetime (from age 20 to age 65) or 45 years. To illustrate, in an
assessment of reentry guidelines for PCB- and TCDD-contaminated surfaces at the
Binghamton (New York) State Office Building(56), it was assumed that workers would be
exposed over a 30-year period. Likewise, a similar analysis by the California Department
of Health Services for reentry guidelines for the One Market Plaza building (57) assumed
that workers would occupy the building for 40 years. Although the possibility exists that a
worker could remain at one job location for as much as a 30- or 40-year period, it cannot be
termed a "most likely" value in any realistic sense. National estimates by Hall (58) suggest
that only 7% of U.S. workers would hold one job—let alone to be employed at one
location—for 35 years or more. The Department of Labor, Bureau of Labor Statistics
(BLS), publishes data on "ongoing tenure"—and estimates of "completed tenure" have
been made using these data (59). Hall (60), in particular, estimated a median completed
tenure of 7.7 years for all U.S. workers in 1978, based on BLS data. Completed tenure
estimates will overstate the expected additional years of exposure, because the completed
tenure figure includes time already spent on the job (ongoing tenure) as well as the
expected additional tenure. The median ongoing tenure of all workers is approximately 3.2
years (61), so to a first approximation, the likely additional tenure is 7.7-3.2 = 4.5 years,
or rounded, 5 years. Five years would have been a much more realistic estimate of the
likely occupational exposure for an occupant of the Binghamton or One Market Plaza
office buildings. Had this and other more realistic assumptions been employed in the
risk assessment at these locations, it is possible that quite diiTerenl cleanup standards
would have prevailed.
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As a second example, a residential exposure scenario for evaluation of groundwaler
contamination typically posits that exposed humans ingest 2 liters of water per day—all
taken from the same contaminated source—over a 70-year nominal life time. Yet actual
studies on water consumption support figures closer to I liter per day (62), which includes
the contained water in carbonated beverages (unlikely to contain the contaminant) and
prepared hot drinks such as coffee (where heating might partially evaporate or otherwise
remove or destroy contaminants). And, in any event, the assumption of 24-hour per day
occupancy over a 70-year period cannot be termed plausible.

Critics might well argue with the above examples and point out that building
occupants or residents who depart will be replaced by others and that, in any event,
it matters little to whom the risk occurs. Even if this premise Is accepted, and a
person-years metric is substantial for the calculation of individual risks, the above
examples cannot be dismissed lightly, particularly when considering contaminant
depletion. Succeeding generations of occupants will force lower exposure levels if the
contaminants decay over time as discussed below.

At least some elements within ERA are sympathetic to the need to develop more
realistic exposure scenarios. For example, EPA is reportedly considering substituting a
residential exposure scenario of 16 hours per day for 10 to 35 years rather than 24 hours
per day for 70 years (63).

A point often overlooked in exposure analyses is pollutant depletion/removal.
Over time, pollutants are depleted by a variety of mechanisms, including volatilization,
erosion, dilution/dispersion, photolysis, chemical reaction, and biodegradation. These
transport processes reduce the contaminant concentration and hence potential for
exposure. Although some exposure and risk analyses have explicitly treated depletion (e.g..
64-66), others have omitted this phenomenon. For example, the NSL EA (67) neglected
depletion entirely. Thus, contaminants present at the NS L site were assumed to remain a!
their initial values throughout the duration of all exposure scenarios (some lasting as long
as 70 years) considered. This same analysis also posited instantaneous residential
development along the periphery of the NSL site—neglecting planning, construction, and
occupancy lags. No reason was given for the omission of these factors, although
uncertainty about environmental half-lives may have prompted such worst-case
assumptions.

Depending on the actual half-lives of the pollutants, the order of the kinetic processes
involved, and the occupancy lags, the resulting overstatement in risks could be substantial
For example, assuming first-order kinetics (with decay constant k), an occupancy lag of I,
years, and a fixed exposure cndpoint at r2 years, the average contaminant concentration
Ct, as a fraction of the initial concentration C,, can be shown by integration of the rale
equation to be

For first-order kinetics, the rate constant k is related to the half-life, f0 s, by means of the
well-known relation

, 0.6931
O.i

Calculated exposures and risks (using customary linear,models) are directly related IP
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concentrations, so the ratio of the actual risk to that calculated assuming a constant
pollutant concentration is equal to C./C,. Table 7 shows this quantity as a function of the
half-life and the occupancy lug. For example, this ratio is 2.1 x 10 ' if the exposure
cndpoint is 70 years, the half-life is 3 years, and the occupancy lag is 5 years, implying that
(he conservative model overstates risk—considering this factor alone—by a factor of
approximately 48. Fortunately, these omissions are readily corrected.

2 Collect Relevant Data on Uncertain Parameters
ll is sometimes taken for granted that uncertainty cannot be reduced in risk analysis
because key dala elements are unknown, and perhaps even unknowable—at least within
tin* lime mul budget constraints generally imposed on the analyst.

Although this may he true in certain instances, it certainly does not apply across the
hoard. Why, for example, should assumed soil in pest ion rales (often n key input to risk
analyses) vary us much as the estimates given in Table 4? If there is tut basis for selection
of n most likely value, additional experiments and measurements can be made and at
arguably modest cost compared to potentially inflated cleanup costs of hazardous waste
shcs if Ihc current worst-case estimates continue to be used.

Other parameters of exposure or risk models that are considered to lack certainty but
cmilil easily he mensural include the following:

1. Dala regarding dermal conliid with soils. Realistic data are lacking on human activity
patterns involving soil con I act. For example, who gardens? How often? What soil
contact rates are appropriate? An exhibit analogous to that shown in Table 4 can be
prepared for each of these important factors. Unlike some of the more esoteric aspects
of potency determination, answers to these questions could be determined by relatively
straightforward surveys.

2. Data regarding the absorption (bioavailability) of chemicals through ingeslion, dermal
contact, and respiration. Uncertainty exists for these parameters (e.g., reported dermal
absorption fractions for PCBs from soils or dusts range from 7 x I0~4 to 5 x 10'' in
the literature).

A salutary development in this regard is the EPA's recent decision to sponsor
additional research on soil ingestion and to suggest additional research on bioavailability
(68). The value of acquiring additional information about uncertain parameters can
sometimes be treated analytically using the methods of decision theory (69). These
techniques can be used to identify cost-effective approaches to uncertainty reduction.

3 Risk Assessors Should Understand the Spirit of Legislative Action
A third idea is that the (interpretation of the) legislative mandates of regulatory agencies
should be examined to identify potentially counterproductive aspects. With respect to
PCRs, for example, the FDA established tolerance levels for PCBs in fish in the context of
its statutory framework. As the FDA notes (70):

Section 406 of (he Federal Food, Drug, and Cosmetic Act ("(he act"), 21 U.S.C. 346, authorizes the
establishment or tolerances for poisonous or deleterious substances added to food that cannot be
avoided by good manufacturing practice. PCBs are such a substance. Although the agency's
paramount concern Ix protection of the public health, under section 406 the aaency must consider, in
establishing a tolerance, the extent to which a contaminant Ix unavoidable. In essence, Ihc agency is
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permitted to find where the proper balance lies between adequately protecting the public hciillli
and avoiding excessive losses of food to American consumers. 44 FR 38330 -31. [emphasis addcil |

Put somewhat differently, tolerance levels are established at a level "appropriate to pro lee I
the public health" or to "provide an adequate degree of public health protection." Hut
tolerances established by the FDA also reflect existing levels of contamination and (he
extent of its "avoidability" in food products to be regulated.

On first reading, the "balancing provisions" of the Food, Drug, and Cosmetic Ac)
(Section 406 of 21 USC 346) appear quite reasonable. But on more careful examination,
there are curious, and arguably perverse, consequences of the PDA's present interpre-
tation of this legislative mandate.

Consider, for example, two hypothetical foodstuffs, A and B, each contaminated
initially to an identical degree with the same hazardous substance:

1. In product A, the contamination levels are expected to remain constant over lime.
2. In product B the levels of contamination are expected to decline in the future.

Assuming that products A and B are consumed in equal amounts in (he human diet and
are absorbed equally, the lifetime incremental health risks associated with consumption of
product B are obviously smaller. Product B, by any objective standard, presents less of a
health hazard than product A. Yet, there is no guarantee that FDA tolerance levels for the
hazardous contaminant in product B will be larger than, or even the same as, those for
product A. In fact, quite the reverse is likely to be (rue. This is because the risks associated
with product B become progressively more "avoidable" over time—a phenomenon that
allegedly justifies lower tolerance levels.

The above situation is by no means hypothetical; it has occurred with respect to PCBs
in poultry and fish. In 1977, the FDA (71) proposed a reduction in the tolerance level for
PCBs in poultry (later implemented) from 5 ppm (fat basis) to 3 ppm (fat basis), not because
PCBs were thought to be more dangerous, but rather because elevated PCB levels were
infrequent and declining in poultry:

Because the frequency of PCB residue occurrence in feeds is low, the likelihood of residues in
poultry reaching the 3 ppm (fat basis) level is very small. Moreover, dala regarding PCD residues
in poultry confirm this and show lhat PCB contamination of poultry is very sporadic and
infrequent. As such, this food is not a significant source of dietary PCBs. A tolerance of 3 ppm (fit I
basis) will continue lo provide this assurance, while also providing adequate protection for Hie
Consumer. Therefore, the Commissioner proposes lo reduce Ihc temporary (olcriincc for pmiliiy
from 5 ppm to 3 ppm (fat basis). As staled previously, Ihc finished feed tolerance of 0.2 ppm ciuutot
be reduced at this time because the analytical methodology necessary to enforce a lower lolcnintc
is not available. The Commissioner advises thai when such methodology becomes available so
lhat the 0.2 ppm feed tolerance can be reduced, the tolerance for PCB residues in poultry will afsu
be reevaluated.

Likewise, with respect to fish, the FDA concluded that declining PCB levels were a
reason for reducing tolerances (72): "Based on the declining incidence of PCB contamin-
ation, which means that PCBs are now avoidable in food to a greater degree now than they
were earlier...FDA decided the PCB tolerances should be reduced." Later in this same
document, in response to the comment that PCB levels in fish were declining, the PDA
reaffirmed its proposed standard, noting (73): "Moreover, that PCB levels arc declining
(i.e., lhat PCBs are becoming more avoidable) is a reason to consider lowering the
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tolerance, not a justification for leaving it unchanged." Certainly, it is time to rethink
this interpretation.

4 Incorporate Consistency and Plausibility Audits Into Modeling Efforts
A fourth idea is to subject candidate risk and exposure models to more searching
inquiry—to conduct a consistency or plausibility audit on the model.

Although experimental measurements may be considered the ultimate validation of
assumptions, these are not always possible and other approaches may be necessary. In
some cases, simple material balances can furnish useful consistency and plausibility checks
on the adequacy of an exposure-risk model. For example, as noted, a risk analysis was
conducted to help determine appropriate reentry guidelines for PCB- and TCDD-
contaminated surfaces at the Binghamton (NY) State Office Building (74). The risk
analysis for contaminated surfaces assumed, among other things, that:

1. Workers (50kg) would labor in the building for 250 days/yr over 30 years.
2. The worker's total body surface area is 1.46 m1, with the hands accounting for 4.5%

(0.066 m1) and the arms accounting for 19% (0.28 m3) of this total.
3. The worker is assumed to ingest the contamination from an area the size of 5% of

his/her hand (0.0033 m2) every workday.
4. The worker is assumed to make dermal (bare skin) contact with an area 25% that of

his/her arms (0.0694 mj) every workday.
5. (Unstated) All PCBs are transferred from walls upon contact with contaminated

surfaces.

Given these assumptions, the daily PCB intake was calculated by Kim and Hawley (74) by
the following equation (with slight differences in notation):

intake fog/day) - Cir/ol(0.0033) -t- /dl(0.0694) (31

where C,r = residual surface contamination level (jig/m2)
/GI = gastrointestinal absorption fraction
/,,, = dermal absorption fraction.

The risk analysis proceeds from the exposure calculation given by equation (3).
Upon initial review, the approach appears plausible. However, a "reality check" would

have revealed that it was unrealistic. A simple example illustrates the problem. Assume
that the hypothetical building occupant works in a one-person office of dimensions 8ft
x 10ft x 12ft. The total area of the walls of this office is 352ft1 (327,008cm2). Assuming,
for illustrative purposes, a lOO^g/IOOcm2 level of PCB surface contamination, the toial
amount of PCBs on the walls is

100 pg
100cm

\ x 327,008 cm2 = 327,008 /ig.

Now according to the Kim-Hawley model, PCBs are contacted and removed by two
human features, arms and hands. Using the above factors, the total amount of PCBs
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removed each day by incidental skin contact with the arms, denoted X, would

. . . /0.19m2 arm surface \ /0.25m2 contacted\
(1.46m1 body surface) x I ——r-~~—————— I x I ————;————— I

\ m1 body surface / \ nrarm /

x (1.0 transfer fraction) x (I0,000cm2/m2) x ( ——m , ),
\ 100cm1 /

or
X= 693.5 ;ig.

Similarly, the amount of PCBs removed each day by skin contact with the hands, denoted

/0.045m2 hand
(1.46 nv body surface) x I ——--—-——

\ m2 body
f 100 jig
V 100cm2

(1.0 fraction transfer)

= 657,ig.

The total removed per day = X + Y = 1350.5 fig. It should be noted that not af °r lhis

amount of PCBs would be absorbed, but all would be removed. (The above calcu'at'on

assumes that the entire surface area of the contaminated surface will be contact- ^nv

corrections for inaccessible areas would reduce the estimated amount of PCB up18*6 ant*
removal.)

Assuming that these rates continue (as is done in the Kim-Hawley analysis), ("e *oti"
number of days required to exhaust the PCB contamination at the surface is'(32'''W W?'
x (1350.5 jig/day) = 242 days. But the exposure scenario used to estimate the cancer ™s*
assumes a 30-year period, 5days/wk, 50wk/yr. Clearly, the assumptions in the r*P°sure

estimate were unrealistic, and had a plausibility check been done, this could hi)ve "een

identified early in the analysis process.
It is interesting that the authors considered various adjustments (first-order (*ecay)to

model volatilization or other (unstated) depletion mechanisms, but no consideratlon was

given to the process of depletion inherent in the mechanism of exposure itself. For lncsc

and other reasons, the Kim-Hawley analysis must be regarded as unrea"stlca"y
conservative.

5 Use Computational Approaches That Avoid "Catch AH" Assumptions
A fifth idea is to design models insofar as possible to avoid "catch all" parameters fna* m.ay
be ambiguous. Alternative risk and exposure models can differ in the extent ^° wmch
subjective elements can enter the analysis process. Figure I, for example, diagfams 'nc

logic of an EPA risk analysis designed to estimate appropriate cleanup levels for '"door
PCB spills (75). This figure also contains the EPA's numerical estimates purp<)r|'n8 lo

thow that residual surface PCB contamination levels of lOOpg/IOOcm1 result irf M'e'|me

incremental health risks of the order of I0~4. The logic behind the model is depicted
in Fig. I.

This analysis assumed that a notional room (of area 438,000cm1) has l>een

decontaminated by replacing so-called high contact areas (area 27,871 cm2) and cleaning



lit «10
rtik

Potency m Dose
ttesponu Factor

3.117
ritkt

1 10*
ram

UMpMty

©

I
AbsortmJPCB

0.10265Q

|~ Mflffedby |

HslPCB
Contact*

o.ioze5g 0
Fraction Maortwd

Into SySMm

1.0

!>

wltiiriB
cnnwilnn , ———

Contininatad
Striae* Contaclad

102,<H on1

1

EHNIht Surtact
Conotntratfon

100)< 0/100 cm1

MJtohdbv 1 1 wnpwir

N«I Contwrinattd
RoomSurlaot

<10.«33 em1

LlMlim Awtga
ContKt Fraction

0.29

Tramltr

Frscton of furlac*
concwuralon
tfinslwrtd

1.0

Ccnowrtrion

«0|igrtW m

MMpMbr |

Ntt Room ATM

4 10.833 'cm1 (£)

Fraction of Area
Contaminated

1.0

Mru

Room Aria

10 x 12 K B It flm.
less lloor area =

438.504 cm2

Hoji Contact
Suttee*

27,871 cm
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ihc remaining surface areas to a residual PCB concentration of 100/ig/IOOcm2. After
cleanup, the net room area (box C in Fig. I) is calculated as the difference between the
original contaminated area (box A) and the high contact area (box B). All of this net area is
assumed to be contaminated (box D), so the net contaminated room surface (box E) is the
same as the original area minus the replaced high contact areas.

Human occupants are assumed to have incidental skin contact with these con-
uminaied surfaces. Based on the assumption of an assumed residual surface PCB
concentration of 100/ig/IOOcm2 (box I) and the assumption that, upon contact, 100% of
(he surface concentration is transferred to exposed skin (box H), the potential amount of
PCBs transferred (effective surface concentration, box J) per 100 cm2 contaminated surface
contacted can be calculated. No surface depletion mechanisms (e.g., volatilization,
penetration into wells) or effects of encapsulation (e.g., by painting) were considered in this
EPA analysis.

A key computational artifice employed in the EPA model is the lifetime average contact
Fraction (LACF), defined as the fraction of the contaminated area that would be touched
by (he room's occupant in a lifetime of exposure, which was set equal to 0.25 in the analysis
(box F). Multiplication of the LACF by the net contaminated room surface (box E)
enables calculation of the contaminated surface contacted (box G). In turn, this quantity
multiplied by the "pickup rate" or effective surface concentration (box J) estimates the net
PCBcontactedinatifelime(boxK),numericallyequaltoapproximatelyO.I g. All this PCB is
awumed to be absorbed (box L) even though studies (76) point to.absorption fractions
no more than half this amount for PCB liquids, and appreciably less for PCBs in soils
or household dust (77). Finally, the potency of the PCBs is factored in (box N) using a
potency value smaller than the largest given in Table 2.

The assumptions in this analysis are obviously quite conservative, but the point of
introducing this example has to do with the computational construct rather than the
numerical inputs. The LACF construct in the model displayed in Fig. 1 obviously
limplifies the model materially. Use of this model, for example, does not require the explicit
tpccification of human activity patterns (i.e., determination of contact frequencies) or of
lurface depletion mechanisms (e.g., volatilization, adsorption into interior surfaces,
photolysis if exposed to sunlight). But it also leaves the analyst in a quandry when it comes
;o estimation of the LACF. Spend a few minutes trying to estimate your LACF for the
icom in which you are seated as you read this. Surely, at some time in your life, you could
come into contact with every portion of the wall or ceiling, even those that are nominally
•masked"—knocking about to retrieve your favorite pipe that fell behind the couch,
replacing the ceiling light fixture, spring cleaning, mopping up a spill under the
refrigerator, rehanging pictures, or painting. Nonetheless, as a practical matter, only a
mall portion of the room's surface area is likely to be touched with any frequency.
Although the LACF concept simplifies the problem numerically, it only masks the real
complexity of the physical situation being studied. The model permits the risk analyst to
"doodle" and conduct a fortiori (but even if) analysis, but in the end this formulation lacks
•jiility. Moreover, such an ambiguous construct invites a subjective rather than reasoned
r«ponse. It is somewhat surprising that EPA chose a value as "low" as 0,25.

This example illustrates the linkage between the complexity of the calculated approach
ind (hat of preparing inputs. The simplistic construct depicted in Fig. I removes
computational complexity at the expense of realism and ease of determining inputs. A
Mance must be struck among competing objectives, such as simplicity, realism, and
auilabjlity of data, if a useful and credible risk estimate is to be produced.
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6 Provide Clear Guidance lo Interested Parlies
If the risk anslysis community needs to emphasize realism in analysis, the users of analysis
(policymakers and public) also need to understand the issue to interpret properly the
results of analysis. This places a burden on the analyst to communicate clearly. As the
example below shows, this is difficult.

As noted, the FDA undertook a risk analysis in support of its decision to revise the
tolerance level for PCB-contaminated fish downward from 5ppm to 2ppm. A critique
of this analysis highlighted points of conservatism and concluded that the FDA analysis
WP.S likely to have overstated risks by orders of magnitude (78). Although the FDA did
not quantify the possible magnitude of overstatement of risks, it was open in acknowledg-
ing the uncertainties and the judgmentalty conservative character of its resolution. For
example, in the background to its 1979 ruling (79), the FDA stated the following:

Hence, in deciding the appropriate levels for PCB tolerances under section 406, FDA had to mokt
some extraordinarily difficult judgments. It has had to decide, in effect, where the proper balance lies
between providing an adequate degree of public health protection and avoiding excessive losseso(
food lo American consumers, [emphasis added]

The FDA also noted that (80) "it [FDA] also must make that judgment on the basis o(
data that are incomplete, or even in dispute, and that can easily lead reasonable people to
different conclusions" [emphasis added].

The FDA acknowledged uncertainties regarding the carcinogen icily of PCBs in
humans (81):

FDA considers the question of the carcinogenicity of the PCBs unresolved. For the purposes of
this risk assessment on PCBs, however, (he agency treated the various PCBs as though they were
carcinogenic and it considers the carcinogenicity of PCBs lo be a matter worthy of further serioui
inquiry.

Having thus dealt with this key question by assumption, the FDA risk analysis proceeded
to incorporate other conservative assumptions. These, too, were explicitly acknowledged
by the FDA (82):

The risk assessment the agency made incorporated several conservative assumptions that wen
designed to avoid understatement of the human risk. Thus, it is expected that the actual ml
experienced by consumers of the / 2 more heavily contaminated species covered by the risk assessment
Is less than that estimated. Moreover, the average consumer, who eats fish from a variety of
freshwater and marine sources, will actually experience a far lower level of PCB exposure and >
correspondingly lower degree of risk than those whose fish consumption is concentrated among
the more heavily contaminated (predominantly freshwater) species, [emphasis added]

This statement was echoed in the 1979 Federal Register notice (83):

These risk assessment methods do not purport to quantify precisely the expected human risk, toil
rather attempt to estimate in quantitative terms an upper limit on the risk to humans that can b
expected from a given level of exposure to a toxic substance, assuming humans are no more
susceptible to the effects of the substance than are the most susceptible members of the animal
species for which toxicity data are available. These risk assessments can be useful as a means c*
comparing risks at various exposure levels and illustrating the toxicological judgment thai i
reduction in exposure wilt reduce risk. Because of all the problems inherent in extrapolating fit**
animal data to the expected human experience, however the numbers produced by a risk assesunna
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must be interpreted cautiously: They are estimates of upper limits on risk and, though potentially
useful for comparative purposes, cannot he said to quantify actual human risk precisely. These
assessments attempt to avoid underestimating human risk.... [emphasis added]

and again in this same FDA document (84):

As explained in the report (Ref. 45), the utility of this risk assessment for evaluating actual risk in
humans from exposure to PCBs is extremely limited. This is due both lo difficulties inherent in
making such extrapolations from animals to humans and, perhaps more importantly in this
instance, to gaps and uncertainties in the data available for this particular risk assessment. For
example, the toxicily studies on which the risk assessment is based used commercial preparations
of PCBs, which are chemically different from the PCB residues found in fish and which contain
small amounts of highly toxic impurities (e.g., dibenzofurans) not known lo be present in fish
residues. Also, in making the exposure estimates required for the risk assessment, it was necessary
to use existing data on the numerical distribution of PCB levels in fish and rely on the assumption
that the effect of a given tolerance level is lo remove from commerce all fish containing PCBs
exceeding (he tolerances. It Is possible that neither the assumption nor the data precisely reflect
whal actually occurs.

For these reasons and others discussed in the report (Ref. 45 ), the risk assessment does not provide a
basis for precise quantification of the amount of risk reduction accomplished by reducing the flsh
tolerance, [emphasis added]

Notwithstanding such a measured appraisal of the uncertainties that clouded the
standard-setting process, this standard, once established, was viewed as absolute. After a
5-ppm (now2-ppm) standard was established, regulators, particularly in states that
adopted the FDA action limit as a state standard, often acted as though consumption of
fish contaminated with 4.8 ppm was "safe" but consumption of even one fisti with S.I ppm
was "unsafe." Thus, disclaimers, caveats, and qualifiers may not be sufficient to help users
understand the limitations of a risk analysis. Nonetheless, it is clear that the risk analysis
community needs to communicate more effectively.

Two approaches may have merit in this connection:

I. The first is what might be termed the "comparative risk" approach popularized by
Crouch and Wilson (85), Ames et a). (86), and others. This approach presents estimated
risks in the context of other related and everyday risks. The objective is to provide
a frame of reference to help interpret the risk estimates. In my experience the
comparative risk analysis is useful, but limited. The work of Slovic (87) demonstrates
that public perceptions of risk are often different from that of "experts."

I The second idea is to portray uncertainty in quantitative terms, as is illustrated below.

7 Undertake Sensitivity Analyses
It is suggested above that attention be directed toward the development of most likely or
expected risks. "Conservative" estimates can be placed in perspective by making replicate
computations with alternative sets of assumptions. This serves to identify the sensitivity
ol the calculated result to the various assumptions—and thus identify key uncertainties
as well as to bracket potential risks so that the policymaker can make a more informed
choice. Other formal toots of statistics can also be applied.

Regulatory agencies appear to be increasingly receptive to sensitivity analysis
or the use of multiple assumption sets. For example, in 1980, in response to comments
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Risk Analyses of Buried Wastes from
Electricity Generation*
Bernard L. Cohen
Otpartment of Physics, University of Pittsburgh, Pittsburgh, Pennsylvania

I INTRODUCTION

Hie straightforward way to do a probabilistic risk analysis (PR A) is to identify all possible
rquences of events that can lead to deaths among the public (or to some other targeted
tndpoint), estimate the probability for each event, multiply these probabilities for all
nents in a sequence to determine the total probability for that sequence, and finally add up
:Se probabilities for all sequences. Interdependencies of events (common mode failures)
nust be taken into account, which can add greatly to the complication and uncertainty (t).
Such a PRA involves development of a large program run on a digital computer.

This type of PRA has been carried out for systems like aircraft and nuclear power plants
•here there is complete knowledge of construction details and failure-rate experience with
nery component. But even in these cases, many approximations must be made, and
•jnctrtaintics are quite large. If one were to apply this technique to wastes buried in the
pound, the difficulties would be enormously greater because knowledge of the system is
ruch less complete and is changing with time. Geochemistry is a much more complex
uhject than mechanical or electrical design of machines, and it is sensitive to a number of
bctors on which there is limited information.

An alternative approach is to replace the digital computer with an analog computer.
Constructing such an analog computer would be a tremendous project, and it would be
enormously expensive. However, that analog computer is now available, and we are all
ta to use it. It is our earth itself.

This chapter describes how such an approach can be used. For example, to study how
•meconverted into rock behaves, how ordinary rock behaves will be reviewed. Several
;u« of this type directed at the analysis of wastes generated by nuclear and by coal-
•riming power plants are presented.

•Portions of this chapter hive been published previously In American Journal of Physics, Vol. 54, p. 38
•!Wl Copyright © 1986 by the American Association of Physio Teachers.
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Health Risk Assessments:
Opportunities and Pitfalls

Dennis J. Paustenbach*

I. INTRODUCTION

To fulfill my role in this symposium, I will discuss the regulated
community's thoughts regarding current approaches to health
risk assessments conducted by regulatory agencies within the
United States. It might be more appropriate to say that I will dis-
cuss some of the scientific shortcomings which have crept into the
practice of risk assessment and how regulatory agencies and
scientists are working to overcome them. These shortcomings,
more often than not, force risk assessments to overstate the likely
human health risks associated with exposure to low levels of envi-
ronmental pollutants.1

Environmental consulting firms typically serve the regulated
community and its lawyers, solving problems involving contami-
nated soil, contaminated groundwater, airborne emissions, or a
need for an operating permit. Generally, the chemicals are car-
cinogens, developmental or reproductive toxicants, or are highly
persistent in the environment. The firms are frequently at odds
with a regulatory agency. Also, they are often involved in litiga-
tion over the degree of necessary clean-up. More often than not,
personal injury claims have been filed which allege that health has
been or is likely to be affected due to exposure to contaminated
soil, air, or water. The consulting firm's role is to assist corpora-
tions and their attorneys by developing a more thorough, bal-
anced and therefore, credible health risk assessment than that put
forward by the government or a plaintiffs attorney.

* Vice-President, McLaren Environmental Engineering, Inc., and head of the ChemRisk
Division, Alameda. Ca. An earlier version of this article was presented as a paper at the
Symposium on Risk Assessment presented by the Environmental Law Committee of the
Association of the Bar of the City of New York on February 4, 1988 in New York City.

I. Ames, Six Common Errors Relating to Environmental Pollution, 7 REG. TOXICOL. & PHAAM.
379,380(1987).
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II. THE NEED FOR RISK ASSESSMENTS
Risk assessment has been a topic of intense interest during the

1980*s.2 The development of a human or ecological risk assess-
ment can be a complex undertaking which requires the assimila-
tion and interpretation of large quantities of scientific and
medical data.3 Although a number of definitions have been of-
fered in the literature, it is acceptable to say that risk assessments
are a way of using existing toxicity, epidemiology, environmental
fate, and exposure information to describe the likely health haz-
ard in terms that are useful to risk managers. The National Acad-
emy of Science recommended that risk assessment be considered
"the characterization of the potential adverse health effects of
human exposure to environmental hazards."4 Risk assessments
should represent an objective analysis of all the relevant informa-
tion and should characterize the likelihood that a particular level
of exposure to a given contaminant will produce a specific effect
in humans or wildlife.

During the early years of the environmental movement (1960
to 1975), regulatory agencies often made decisions largely-based
on political pressures, social concern, and the availability of
money or technology. This approach persisted for perhaps ten
years until the late 1970's when it was recognized that there were
too many chemicals and problems to attack in such a subjective
and uneven manner.5 Quantitative risk assessments were her-
aided as the solution to this problem. It was anticipated that such
an objective analysis would help risk managers interpret and pri-
oritize the implications of hundreds of toxicity studies. It became
apparent that the risk assessment process assumed an important
role in meeting society's need to establish an objective and stan-
dardized procedure to evaluate complex sets of scientific data.

2. See e.g., Ames, supra note 1; Munro and Krewski, Risk Assessment and Regulatory Decision
Making, 19 FP. COSMET. TOXJCOL. 549 (1981); NATIONAL RESEARCH COUNCIL, RISK ASSESS-
MENT IN THE FEDERAL GOVERNMENT: MANAGING THE PROCESS (National Academy Press,
1983); Ames, Dietary Carcinogens and Anticarcinogens, 221 SCIENCE 1256 (1983); Ames,
Magaw & Gold, Ranking Possible Carcinogenic Hazards, 236 SCIENCE 271 (1987); Office of
Science and Technology Policy, Chemical Carcinogens; A Review of the Science and its Associated
Principle, 50 Fed. Reg. 10,372 (1985); Office of Technology Assessment, Assessment of
Technologies for Determining Cancer Risks From the Environment (June 1981).

3. See Pa us ten bach, A Survey of Health Risk Assessment, in THE RISK ASSESSMENT or ENVI-
RONMENTAL AND HUMAN HEALTH HAZARDS: A TEXTBOOK OF CASE STUDIES 29 (D.J. Paus-
tenbach ed. 1989).

4. NATIONAL RESEARCH COUNCIL, supra note 2, at 18.
5. Ruckelshaus, Science, Risk, and Puttie Policy, 221 SCIENCE 1026, 1027 (1983).
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One benefit of risk assessment is that the truly important
problems can be identified and prioritized, which in turn helps
risk managers make decisions that are reasonable and cost
effective.

Risk assessments appeal to regulators and the courts because
they assemble and interpret all the pertinent information.6 As-
sessments appear more relevant to judges and juries than the re-
sults of single or multiple toxicity tests because the significance of
the substances' physical properties, acute and chronic toxicity,
metabolism, interspecies differences, environmental fate, degree
of human exposure, and background concentrations are all con-
sidered.7 A risk assessment benefits the non-scientist deci-
sionmaker by discussing and interpreting the interactions of these
many factors in an understandable manner.

Interestingly, health risk assessments are not an entirely recent
activity. Various examples date back almost 3,000 years.8 They
have been used by regulatory agencies for at least thirty years,
most notably within the U.S. Food and Drug Administration
(PDA).9 Many of our existing environmental and occupational
health standards have been, at least in pan, based on the results
of low-dose extrapolation models and exposure assessments. In
addition, the dose extrapolation models used today were origi-
nally developed in the 1960's by radiation biologists concerned
with the cancer hazard posed by exposure to medical x-rays and
nuclear fallout.10 More recently, risk assessment methodologies
have been used to set standards for chemical carcinogens includ-
ing pesticide residues, drinking water guidelines, ambient air
standards, as well as exposure limits for contaminants found in
indoor air, the workplace, consumer products, and other
settings.11

6. Preuss & Ehrlich, The Environmental Protection Agency's Risk Assessment Guidelines, 37 J.
AIR POLL. CONTROL A. 784 (1987).

7. Pa us ten bach, supra note 3. at 29.
8. Id., at 32-40.
9. See, «.g.,Rodricks, Origins of Risk Assessment in Food Safety Decision Making 7, J, AM, COLL.

TOXICOL. 539 (1989); Lehmann and Fitzhugh, 100 Fold Margin of Safety, 18 Q. BULL. A.
FOOD & DRUG OFF. U.S. 33 (1954); LEHMANN, APPRAISAL OF THE SAFETY OF CHEMICALS IN
FOODS, DRUGS AND COSMETICS (Assoc. of Food and Drug Officials of the United States,
Topeka. KS-. 1959).

10. See Rod ricks, Origins of Risk Assessment, supra note 9.
11. See Paustenbach, supra note 3.
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Beginning in about 1984, risk assessments began to be used in
personal injury cases involving exposure to toxic chemicals. The
objective was to estimate the possible level of human exposure
prior to the onset of the alleged injury. When the exposure esti-
mates were shown to be relatively precise and reasonable, they
were instrumental in refuting or supporting medical opinions in-
volving causation.

Risk assessments were welcomed by Congress, environmental
groups, industry, and the public because these groups expected
them to organize and interpret what appeared to be an unman-
ageable amount of information. It was hoped that risk assess-
ments would provide an objective approach to identifying and
prioritizing hazards, as well as, help determine causation in toxic
tort litigation. Regrettably, something went wrong. Few scien-
tists, including those employed by industry, have been completely
satisfied with the way risk assessments have been conducted by
government agencies or their contractors.

III. CRITICISMS OF HEALTH RISK ASSESSMENTS

Scientists, engineers and attorneys have identified a number of
shortcomings with what has become a typical approach for regu-
latory agencies conducting health risk assessments. These criti-
cisms involve all four portions of the risk assessment process:
hazard identification, dose-response assessment, exposure assess-
ment and risk characterization.12 Perhaps the primary concern
has been that the rigidity built into regulatory assessments,
caused by pressure to repeatedly adopt conservative assumptions,
often does not allow all of the scientific information to be consid-
ered.13 One consequence of this rigidity is that these assessments
predict health risks much higher than those which are likely to

12. See NATIONAL RESEARCH COUNCIL, supra note 2, at 21, for a figure outlining the ele-
ments of risk assessment and risk management.

13. Set, e.g., Paus ten bach, Shu & Murray,^ Critical Examination of Assessments of the Health
Risks Associated unth TCDD in Soil, 6 REG. TOXICOL. & PHARM. 284 (1986); Turnbull &
Rodncks, Assessment of Possible Carcinogenic Risk to Humans Resulting From Exposure to Di(2-
etkylkexjDphthtate (DEHP), 4 J. AM. C. TOXICOL. 111 (1985); Food Safety Council, Quantita-
tive Risk Assessment, in FOOD SAFETY ASSESSMENT 137. 159 (1980); Park & Snee, Quantitative
Risk Assessment: Stau-of-tke-Art for Cardnogenesis, 37 AM. STATISTICIAN 427, 428 (1983);
Maxim & Harrington, A Review of the Food and Drug Administration Risk Analysis for
PotycMorinated Biphenyls in Fish, 4 REG. TOXICOL. & PHARM. 192 (1984); SIELKEN, The Capabil-
ities. Sensitivity. Pitfalls, and Future of Quantitative Risk Assessment, in ENVIRONMENTAL HEALTH
RISKS: ASSESSMENT AND MANANCEMENT 95 (R.S. McColl ed. 1987).
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exist. Another problem is that such evaluations have often fo-
cused only on the maximally exposed individual (MEI) rather
than the typical person. As a result, many assessments do not
yield results which apply to the vast majority of people in the
community; the primary concern of risk managers.

One criticism of risk assessment was recently raised by Dr.
Barry Commoner, a well-known environmental spokesperson, at
a gathering of EPA employees. He was reported to have said,
"The environment will not be protected by the current practice of
finding an acceptable level of harm from an environmental pollu-
tant and then issuing rules allowing industry to pollute to that
level."14 Such a characterization of the risk assessment process is
not accurate and is likely to prevent a useful approach from ma-
turing into the scientific tool that is clearly needed by regulators
and the public.

It is true that one use of risk assessment is to identify levels of
emissions which would not pose a significant human or environ-
mental risk, based upon the degree of human exposure, and the
associated risk. The need for such analyses came about because
regulators learned that it was theoretically impossible, as well as
impractical and unnecessary, to reduce the emissions of all chemi-
cals to zero or undetectable levels.15 The plea that we must stop
pollution at the source and not allow industry to pollute up to
certain levels is too simplistic. One reason that we cannot elimi-
nate "all" emissions is that we can now identify quantities as small
as one part per quadrillion (ppq). With detection of such low
levels possible, agencies would have to declare even the most
healthy diet and the cleanest air to be potentially hazardous if ex-
posure to measurable levels of carcinogens were deemed unac-
ceptable. For example, the ambient air in the north woods of
Maine contains detectable levels of polycyclic aromatics which are
responsible for the pine odor, but which are carcinogenic in ani-
mals. Similarly, although perhaps it is in conflict with what the
public has been told, naturally occurring carcinogens present in
vegetables pose a cancer hazard perhaps 10,000 times greater
than that posed by the pesticide residues in our diet.16

14. EPA Critic Enters the Lion's Den and is Showered by Wild Applause, N.Y. Times, Jan. 15,
1988, at B6, col. 4.

15. See Preuss & Ehriich, supra note 6 (discussing the detailed and expansive risk assess-
ment techniques developed at EPA).

16. Ames, Dietary Carcinogens, supra note 2, at 1258.
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Although the elimination of exposure to all non-naturally oc-
curring substances (xenobiotics) may seem a worthwhile objec-
tive, attempts to set regulations at such levels appear to be
foolish, and would certainly not be the best use of America's lim-
ited resources. If there is any doubt about the finite quantity of
financial resources available in the United States, and virtually
every other country, one needs only to follow the current debate
regarding the age criteria for deciding when to stop treating pa-
tients who could be cured and/or functional after medical treat-
ment but are perhaps too old to justify the expense.17

Some public interest groups have taken the position that risk
assessments allow too much variability in the implementation of
legislation in an already "loose" regulatory environment. It has
been claimed that setting acceptable risk levels for environmental
emissions is inappropriate since persons can be placed at risk
even though they receive no direct benefit. Although these are
important issues, they all appear to be based on some level of
misrepresentation or misunderstanding. The fact is that risk as-
sessments should help standardize the way we regulate chemicals,
thus reducing the arbitrariness which has sometimes been pres-
ent. Furthermore, living in proximity to others, especially in a
technological society, by definition, exposes some people to risks
not of their own making.

Widespread acceptance of risk assessment will occur when
there is better understanding of the process by all parties or when
a better alternative is identified. Regulatory agencies cannot arbi-
trarily decide that it is acceptable for the public to be exposed to
significant (e.g., 10~3 or greater) levels of risk. For example, for
environmental risks to be deemed acceptable by regulatory agen-
cies, they usually need to be negligible or de minimis (e.g., of such
little importance as to be of no concern). Determining whether a
risk is significant is influenced by a number of factors including
the number of persons exposed, the likelihood and degree of ex-
posure, and the certainty of the biologic data.18 I am optimistic
that, because chemists can now detect the presence of contami-
nants at concentrations less than one ppq, the public has come to

17. Ethuist Draws Fire with Proposal for Limiting Health Care to Aged, Wall SL J., Jan. 22,
1988, at 23, col. 1.

18. Set, f.g., Travis, Richter, Crouch, Wilson & Klema, Cancer Risk Management, 21 ENVTL.
Sci. ic TECH. 415, 419 (May 1987) (a review of federal regulatory decisions, which con-
cludes that there is a consistency to the agencies' regulatory decisions).
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recognize that measurable exposure to a chemical carcinogen or a
reproductive toxicant does not necessarily mean the associated
risk is unacceptable. If this were the case, people would not in-
gest alcohol, diet soda, coffee, tea, orange juice or mineral water
since each contains measurable, albeit small, quantities of
carcinogens.

Research of the past few years has been useful in identifying the
levels of risks which the public finds acceptable. We have learned
that the acceptability of a risk is a judgment that each person must
reach: what is an acceptable risk to one person may be thor-
oughly unacceptable to another.19 We have learned that most
persons are comfortable with accepting certain levels of involun-
tary risks if they are very small. For example, risks in the vicinity
of 1 in 1,000,000 (the chance of being struck and killed by light-
ning) seems to be acceptable to nearly all persons. As expected,
the cost of reducing risks to such a level is not trivial. For this and
other reasons, many environmental regulatory decisions allow in-
voluntary risks to be as great as 1 in 10,000; especially if the
number of exposed persons is small. The cost to lower the risk
can be very high and the true risk may actually be far less than
that predicted in a conservative risk analysis.20

My experience indicates that the strengths and weaknesses of
each portion of a risk assessment need to be understood if an ob-
jective and fair resolution of environmental issues is to occur.
The various elements of a risk assessment play a pivotal role in
identifying appropriate clean-up levels and in helping to resolve
personal injury cases in a fair manner.

IV. PITFALLS IN RISK ASSESSMENT

The risk assessment process has four basic steps: hazard identi-
fication, dose-response assessment, exposure assessment and risk
characterization.21 In light of the economic impact that environ-
mental regulations can have on a firm or the community, these
pitfalls need to be recognized.

19. See W. LOWRANCC. OF ACCEPTABLE RISK 92 (1976).
20. See Travis, Richter, Crouch, Wilson & Klema, supra note 18. at 419; Rodncks, Brett

& Wrenn, Significant Risk Decisions in Federal Regulatory Agencies, 7 REG. TOXICOL. AND
PHARM. 307, 315 (1987); Travis & Hattermer-Frey, Determining Acceptable Levels of Risk, 22
ENVTL. Sci. & TECH. 873, 875 (1988).

21. See NATIONAL RESEARCH COUNCIL, supra note 12.
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FIGURE 1: Examples of possible pitfalls in conducting or presenting health risk
assessments.

A. Hazard Identification

In the hazard identification step of the risk assessment, there
has been a tendency to consider all animal carcinogens as posing
an equally serious human health hazard. In fact, carcinogens vary
dramatically in their carcinogenic and/or mutagenic potency.
Specifically, a weak carcinogen may require a dose 10,000,000
fold greater than that of a potent carcinogen to produce the same
degree of carcinogenic response.22 In addition, the susceptibility
between species, the slope of the dose-response curve for the var-
ious toxic endpoints, pharmacokinetics, the epidemiological ex-
perience and the mechanism of action all need to be considered
when attempting to predict the potency of a chemical in humans.

22. Ames, Dietary Carcinogens sufmt note 2, at 1261.
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The importance of the above factors cannot be overstated since
they may well explain why six hundred chemicals have been found
to produce tumors in animal studies yet less than twenty are
known to be human carcinogens.23 Even after accounting for the
statistical shortcomings of most epidemiological studies, it is dear
that not all carcinogens pose an equivalent human hazard. The
same can be said of developmental and reproductive toxicants.
The challenge is to determine to what degree we need to limit
exposure to each of these toxicants to insure that the risk to
humans is negligible.24

The criteria by which the risk assessor determines that a chemi-
cal poses a significant carcinogenic or developmental threat to
humans involves consideration of at least six factors.25 For car-
cinogens, most of the important parameters have been identified
and discussed in numerous published papers.26 At least the fol-
lowing parameters should be considered when determining that
an animal carcinogen may pose a human cancer hazard: number
of animal species affected, the number and types of tumors occur-

23. Ames, supra note 1.
24. See e.g., Rodricks, Brett &r Wrenn, supra note 20, at 315; Travis & Hattermer-Frey,

supra note 20, at 875-76; L. LAVE, ED. QUANTITATIVE RISK ASSESSMENT IN REGULATION (The
Brookings Institute 1982) 153 (using estimation of lung cancer deaths caused by coke
oven emissions as an example); Nichols & Zeckhauser, The Perils of Prudence: How Conserva-
tive Risk Assessments Distort Regulation, 8 REG. TOXICOL. & PHARM. 61 (1988) (arguing that
current conservative assessment techniques leads to unnecessary overestimation of risks).

25. Critical factors in the hazard identification of chemical carcinogens and develop-
mental toxicants:

CARCINOGENS DEVELOPMENTAL TOXICANTS
- Number of different species affected - Number of animal speciel affected
- Number of different types of - Difference between species

neoplasms in one or more species • Relevancy of route of
- Spontaneous incidence in administration

appropriate control group - Multiplicity and nature of
neoplasms induced in treated developmental effects among litters
groups • Number of litters or fetuses being

- Dose-response relationship affected
- Malignancy of induced neoplasms - Rare vs. common malformations
- Genotoxicity, measured in an - Ratio of adult and developmental

appropriate battery of tests NOEL or LOEL
Adapted from Squire, Ranking Animal Carcinogens: A Proposed Regulatory Approach, 214 SCI-
ENCE 877, 878 (1981); Johnson, Christian, Dansky & Gabcl, Use of the Adult Developmental
Relationship in Pracreening for Developmental Hazards, 7 TEKATOGENESIS. CARCINOGENESIS, &
MUTAGENESIS 273 (1987); Wang & Schwetz, An Evaluation System for Ranking Chemicals with
Teratogrnif Potential, 7 TERATOGENESIS. CARCINOGENESIS & MUTACENESIS 133, 134 (1987).

26. Set, e.g., Munro & Krewski. supra note 2; Faustenbach, supra note 3; Sielken, supra
note 13.
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ring in the animals, the dose (relative to the acute toxic dose) at
which the animals are affected, the dose/response relationship,
and the genotoxicity of the chemical.27 For the developmental
toxicants, guidance has been provided by a number of research-
ers.28 The primary factors are similar to those for carcinogens
and include: the number of species affected, severity of the effect
and the relationship of the dose which affects the mother com-
pared to that which affects the offspring.29

During the past few years, regulatory agencies often placed an
emphasis on any piece of data that supported the fact that a chem-
ical posed a carcinogenic or developmental hazard, and litde
weight on data that suggested the chemical failed to cause these
problems. Extraordinary confidence was placed on studies which
indicated that a chemical may pose a particular hazard, irrespec-
tive of the study's quality. This approach was considered prudent
and health protective. Recendy, the scientific community and
most regulatory agencies have come to recognize that not all data
are equal, and that only data of similar quality should be judged
equally. We have also learned through experience that it should
not be necessary to spend huge sums of money to repeatedly con-
duct high quality toxicity studies simply to refute one or two
poorly controlled ones. Further, when the conclusions reached
from high quality data are overwhelming, spurious data must be
de-emphasized or discarded. This philosophy, known as a
"weight of evidence" approach, has been applied primarily to the
hazard identification segment of risk assessment, but is also appli-

^ cable to the exposure and dose-response assessment segments.30

27. Squire, Ranking Animal Carcinogens: A Proposed Regulatory Approach, 214 SCIENCE 877-
78 (1981); See also EPA, Guidelines for Carcinogenic Risk Assessment, 51 Fed. Reg. 33.992,
34,000 (1986); California Department of Health Services, Guidelines for Carcinogenic
Risk Assessment and Their Scientific Rationale A-12 - A-14 (19S6).

28. See, e.g. Johnson. Christian, Dansky & Gabel, Use of the Adult Developmental Relationship
in Prescreening for Developmental Hazards, 7 TERATOGENESIS, CARCINOGENESIS, &
MWACENESIS 273 (1987); Kimmel & Gaylor, Issues m Qualitative and Quantitative Risk Analysis

for Developmental Toxicology, 8 RISK ANALYSIS 15 (1988); Johnson, Cross-Species Extrapolations
and the Biologic Basis for Safety Factor Determinations m Developmental Toxicology, 8 REC. Tox-
icoi- & PHARM. 22 (1988); Wang & Schwetz. An Evaluation System far Ranking Chemicals with
Teratogenic Potential, 7 TERATOGENESIS, CARCINOCENESIS & MUTAGENESIS 133 (1987).

29. Wang & Schwetz, supra note 28, at 135.
30. EPA Dioxin Task Force, A Cancer Risk-Specific Dose Estimate for 2,3, 7, 8-TCDD 3

(1987) (External Review Draft).
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The following statements from the 1986 EPA Cancer Guide-
lines31 summarize their approach to applying the weight of evi-
dence test:

The overall scheme for categorization of the weight of evidence
of cartinogenicity of a chemical for humans uses a three-step
process. (1) The weight of evidence in human studies or
animal studies is summarized; (2) these lines of information are
combined to yield a tentative assignment to a category; and (3)
all relevant supportive information is evaluated. Relevant fac-
tors to be included along with the tumor information from
human and animal studies include structure-activity relation-
ships; short-term test findings; results of appropriate physio-
logical, biochemical, and toxicological observations; and
comparative metabolism and pharmacokinetic studies. The na-
ture of these findings may cause one to adjust the overall cate-
gorization of the weight of evidence.

This scheme is a good first attempt at bringing more reason to the
hazard identification process. One advantage of the weight of evi-
dence approach is that when new information is available, it is
considered and weighed fairly against the old.

B. Dose-Response Assessment

Perhaps the most uncertain portion of assessments of chemical
carcinogens is the low-dose extrapolation assessment. For this
reason, it offers a plethora of opportunities for technical improve-
ment and for better communication of the uncertainties to the
risk manager. At best, science has a limited ability to use the re-
sults of standard rodent bioassays to understand the human can-
cer hazard posed by typical levels of exposure.32 The main
reason is that we do not yet fully understand all of the various
possible mechanisms of action for carcinogens. Accordingly, we
must rely on a model or theory to estimate the human response to
environmental pollutants since they are generally exposed to
doses at least one-thousand-fold below the lowest animal dose

31. EPA Guidelines, supra note 27, at 34.000.
32. Ames, Dietary Carcinogens supra note 2, at 1261; See also Anderson, Quantitative Risk

Assessment and Occupational Carcinogens, 3 APPL. IND. HYC. 267. 268 (1988); Conolly. Rein,
Clewell & Andersen. Biologically Structured Models and Computer Simulation: Application to
Chemical Carcinogenesis, 2 COMMENTS TOXICOL, 305 (1988); Crump, An Improved Procedure for
Low-Dose Carcinogenic Risk Assessment from Animal Data, 5(5) J. ENVTL. PATH. Tox. 339 (1984);
Crump & Howe, The Multistage Model with a Time-Dependent Dose Pattern: Applications to Carci-
nogenic Risk Assessment, 4 RISK ANALYSIS 163 (1984) (all of these articles present and discuss
models to extrapolate animal data to the human situation).
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tested.33 Although rarely accounted for in the dose-response
models, such doses may well be easily handled by the protective
biologic mechanisms in humans.34

The reason for conducting a dose-response assessment is to
understand what response might occur, if any, one-hundred to
one-thousand-fold below the lowest dose tested in rodents (since
these are the levels to which humans are typically exposed). Be-
cause it would require the testing of thousands of animals to ob-
serve a response at such low doses, mathematical models are used
to predict the response. To understand the level of uncertainty in
the dose extrapolation process and the typical regulatory use of
low-dose models, the dose-response curve must be understood.
In the example shown in Figure 2, 100% of the animals re-
sponded at a dose of 100 milligrams per kilogram per day
(mgAg-day), 50% responded at 50 mgAg-day, and 5% of the
animals developed the response at 5 mgAg-day. None of the ani-
mals were affected at a dose of 1 mgAg-day, and this is called the
no observed adverse effect level (NOEL). Therefore, 5 mgAg-
day constituted the lowest observed effect level (LOEL). As
shown, the experimental data range over only a factor of 100; be-
tween 1 and 100 mgAg-day. The challenge, which can contain a
high degree of uncertainty, is to estimate what might occur (if
anything) in humans exposed to doses perhaps as low as 0.001
mgAg-day.

There are at least six serious pitfalls into which scientists can
slip during the conduct of a dose-response assessment (Figure 1).
The first pitfall is to present only the upper-bound risk from the
cancer models rather than identifying the range of likely or best
estimates, as well as the upper bounds of the risk. The objective
of the bounding techniques is to attempt to account for the statis-
tical uncertainty in the results of the animal tests. However, the
degree of potential conservatism of the bounding procedure and
the fact that zero risk is as likely as the upper-bound value of risk
is rarely reported in risk characterizations. The result is that the
risk manager rarely is fully aware of the breadth of equally plausi-
ble risk estimates. For example, the cancer risk associated with

33. Ames, supra note 1. at 382 ("[Extrapolating linearly from the enormous doses of rat
tests to low-dose human exposure may be much too pessimistic even for those carcinogens
which are mutagens.")

34. Id,, at 381; Bus & GIBSON, Body Defense Mechanisms to Toxicant Exposure, in SB PATTY'S
INDUSTRIAL HYGIENE AND TOXICOLOGY 143 (J. Lewis and L. Cralley eds. 1985).
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FIGURE 2
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FIGURE 2: A dose-response curve from a carcinogenicity study. The solid line is a best fit
of the eight data points identified in the test. The three lowest data points indicate that at
these doses, no increased incidence in tumors was observed in the test animals. The error
bars on the three lowest doses indicate the statistical uncertainty in the test results since a
limited number of animals were tested (n •= 100). In an effort to derive risk estimates that
are unlikely to underestimate the risk, the models usually derive risk estimates based on
the estimated upper bound of the response, rather than the best estimate.

exposure to chloroform in drinking water has been reported to be
as high as one in ten thousand using the upper bound estimate of
the multi-stage model. However, using the same model, the best
or maximum likelihood estimate of the risk is about one in a mil-
lion and the lower bound estimate is zero. Therefore, the plausi-
ble range of risk is as high as one in ten thousand and as low as
zero. When biological factors are considered, such as its lack of
genotoxicity, the carcinogenic risk associated with the levels of
chloroform in chlorinated drinking water is most likely to be
negligible.35

Reliance on the results of only one mathematical model is the
second potential pitfall in the dose-response assessment. To the

35. REITZ, QUAST, STOTT, WATANABE & GEHRINC, Pharmacokinetics and Macromolecular Ef-
fects of Chloroform in Rats and Mice: Implications for Carcinogenic Risk Estimation, 1980 WATER
CHLORINATION 983, 991.
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surprise of many scientists and attorneys, there are at least six
different modeling approaches that may need to be considered
when estimating the risks at low doses. These models include the
probit, multihit, multistage, Weibull, one-hit, and, when possible,
the Moolgavkar - Knudson - Venzon (MKV) biologic-based ap-
proach. Nearly all of them can yield results which are plausible.36

Although it has been claimed that models which lack low dose
linearity are not appropriate for carcinogens, the scientific sup-
port for this assertion is not compelling, especially for chemicals
which are not genotoxic. Except for those chemicals which are
known to be initiators or mutagens, no single statistical model can
be expected to accurately predict the low-dose response with
greater certainty than another.37 One approach is to present the
best estimate of the risk from the two or three models which are
considered equally reasonable, as well as, the upper and lower-
bound estimates from those models. The estimates should be ac-
companied by a rationale as to why one model appears more rea-
sonable for that particular chemical or data set. The model's
responsiveness to the data or the most likely response due to bio-
logic considerations should be the criteria for selection.

Adoption of this approach would give decisionmakers the bene-
fit of access to pertinent data and an understanding of the uncer-
tainty in the results. Sielken has described how such an approach
might be implemented and has identified criteria for conducting a
dose-response assessment.38 If there is a biological or statistical
reason to favor one model over another, then the weight of evi-
dence approach should be used to select the most justifiable
value. Such an approach was recently attempted by the EPA in its
revaluation of dioxin (TCDD).39 The diversity of views between
various regulatory agencies and scientists within the United States
and in other countries on safe levels of exposure to TCDD is illus-
trated in Figure 3.

Some generalizations can be made about low-dose models. It is
noteworthy that the various models will usually fit the rodent data

36. FOOD SAFETY COUNCIL, supra note 13, at 159; Park & Sn«. supra note IS, at 428.
57. See, e.g.. Turnbull & Rodricks, supra note 13; Maxim & Harrington, supra note 13;

Sielken. supra note 13. at 105.
38. Sielken, Some Issues in the Quantitative Modeling Portion of Cancer Risk Assessment, 5 REG.

TOXICOL. & PKARM. 175 (1985) discing and discussing 20 criteria for evaluating the dose
response extrapolation in a cancer bioassay)

39. See supra, note 30.
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FIGURE 3
Weight of Evidence Evaluation
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FIGURE 3: Application of the weight of evidence approach should improve each phase of
the risk assessment process. Recently, the U.S. EPA evaluated all the various nauonal and
international health guidelines for dioxin in an effort to select the most appropriate one to
use in the coming years in the United States. As shown here, equally creditable scientific
bodies can occasionally have very different views about what constitutes a safe level of
human exposure to a chemical. Adapted from ENVIRONMENTAL PROTECTION AGENCY, A
CANCER RISK-SPECIFIC DOSE ESTIMATE FOR 2,3,7,8-TCDD (1988) (Draft), at 4.

in the observable dose region, but that they vary in the unob-
served, but all important, low-dose region (Figure 4). It should
also be recognized that the results of the six most commonly used
low-dose models usually vary in a predictable manner.40 In
general, although not in all cases, the one hit and linearized

40. The results of low-dose extrapolation models usually vary in the following predict-
able manner:

MODEL
Linear
One-Hit
Multistage
Weibull
M.K.V.
Multi-Hit
Logit
Probit

PREDICTED RISK
nignest

T
I

lowest
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FIGURE 4
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FIGURE 4: The fit of most dose-response models to data in the observable range is gener-
ally similar. However, due to the differences in the assumptions upon which the equations
are based, the risk estimates at low doses can vary dramatically between die different
models.

multi-stage models will predict the highest risk and the probit
model will predict the lowest.41 The results vary in a predictable
manner because the models are based on different mathematical
equations which are expected to describe the chemical's likely be-
havior in the low dose region.

Over the past fifteen years, mathematicians and lexicologists
have not been able to present a compelling reason to choose one
extrapolation model over another, so regulatory agencies arbi-
trarily adopted the one that usually predicted the highest risk i.e.t
the linearized multi-stage model (to insure that they were above
accusation that they were not protective of the public health).
The statistical underpinnings of the multi-stage model, the one

41. Munro & Krewski, supra note 2, at 554.
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most widely accepted, are the best documented of the various
models. However, like the other statistical models it can not
make use of most of the biologic information on a substance.
Hopefully, lexicologists now know enough about the likely mech-
anism of carcinogenicity of enough chemicals to provide sufficient
insight to select the most appropriate form of the multistage
model, or several different models or approaches, to identify an
acceptable level of human exposure.42 For example, a substantial
number of scientists (although certainly not all of them) believe
that there are at least three mechanisms by which chemicals may
produce a carcinogenic response: repeated cytotoxicity, promo-
tion, and initiation. Butterworth has suggested that at least eight
different classes of carcinogens exist.43 These distinctions are im-
portant since the appropriate model for estimating the cancer risk
for humans exposed to low doses of a cytotoxicant or promotor
should be markedly different than that for an initiator.44

In general, the scientific underpinnings of the dose-response
models are based on our understanding of the cancer process
caused by exposure to ionizing radiation and chemicals that are
initiators.45 Both types of agents may well have a nearly linear or
a linear response in the low dose region. However, promoters
and cytotoxicants need not have a linear dose response curve.
Scientific data increasingly suggest that they would be expected to
be very non-linear at low doses and, more importantly, probably
have a genuine or practical threshold (a dose below which no re-
sponse [risk] would be present).46 The increased acceptance of
this postulate is evidenced by EPA's recent position that the lin-
earized multi-stage model is inappropriate for dioxin, thyroid
type carcinogens, NTA, and, presumably, similar non-genotoxic

42. Id, at 556; BUTTERWORTH & SLAGA, NONCENOTOXIC MECHANISMS IN CARCINOCENESIS
(1987); WEISBERCER & WILLIAMS, Chemical Carcinogens, in CASARETT AND DOULL'S TOXICOL-
OGY 84, 154 (Doull, Klaassen & Amdur eds. 3d ed. 1986). See also Butterworth, Nongenotcodc
Carcinogens. 7 CUT AcnvmEs 1 (Dec. 1987).

45. BUTTERWORTH & SLAGA, supra note 42.
44. Id; Weisburger & Williams, supra note 42, at 154; Anderson. Cleweil, Gargas, Smith

& Reitz, Physiologically Based Pharmacokinetics and the Risk Assessment Process for Methyltne Chlo-
ride, 87 TOXJCOL. & App. PHARM. 185 (1987).

45. E.J. CALABRCSE, PRINCIPLES or ANIMAL EXTRAPOLATION 518-20 (1983); NATIONAL
RESEARCH COUNCIL, THE EFFECTS ON POPULATION OF EXPOSURE TO Low LEVELS OF IONIZ-
ING RADIATION 21-23 (National Academy Press 1980).

46. Squire, supra note 27; Paynter, Burin, Jaeger & Gregorio, Goitrogens and Thyroid FoBif-
ular Cell Neoplasia: Evidence for a Threshold Process, % REG. TOXICOL. PHARM. 102 (1988) (com-
menting on research indicating a threshold for thyroid follicular neoplasia).
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chemicals.47 For these types of chemicals, a threshold model, the
MKV model or one of the other biologically-based models ap-
pears to be more appropriate.48 The extrapolation process is im-
proved further if a physiologically-based pharmacokinetic model
(PB-PK) has also been used to correctly calculate the delivered
dose and scale-up the rodent data to humans.49

The third pitfall in the dose-response assessment is to disre-
gard the insight gained from epidemiological data. Traditionally,
it has been claimed that epidemiologic studies are almost never as
statistically robust as the animal studies and, therefore, are not
very useful.50 Acceptance of this assertion seems inappropriate
because epidemiological studies can establish the degree of confi-
dence that should be placed in the results of low-dose extrapola-
tion models.51 For example, in 1982 it was claimed that workers
exposed for 8 hrs/day for 40 years to the OSHA standard for eth-
ylene dibromide (20 ppm) incurred a risk of 999 in 1,000 of de-
veloping cancer due exclusively to this level of occupational
exposure.52 However, epidemiological studies of the actual can-

47. EPA, supra note 30, at 3; ANDERSON & ALDEN, Risk Assessment for Nitrilotriacetic Acid
(NTA), in THE RISK ASSESSMENT OF ENVIRONMENTAL AND HUMAN HEALTH HAZARDS: A
TEXTBOOK OF CASE STUDIES 390, 422 (DJ, Paustenbach ed. 1989); Paytner, supra note 46.

48. Set, e.g., Krewski, Brown & Murdoch, Determining "Safe" Levels of Exposure: Safety Fac-
tors or Mathematical Models* 4 FUND. APP. TOXJCOL. S383, S391-2 (1984); Moolgavkar, The
Multistage Theory of Cardnogenesis and the Age Distribution of Cancer in Man, 61J. NAT'L CANCER
INST, 49 (1978); Moolgavkar & Venzon, Two-Event Models for Carcinogenesis: Incidence Curves

for Childhood and Adult Tumors, 47 MATH. BIOSCIENCES 55 (1979); EHwein & Cohen, A Cellu-
lar Dynamics Model of Experimental Bladder Cancer: Analysis of the Effect of Sodium Saccharin in the
Rat. 8 RISK ANALYSIS 215 (1988); Moolgavkar, Dewanji & Venzon, A Stochastic Two-Stage
Model for Cancer Risk Assessment: The Hazard Function and the Probability of Tumor, 8 RISK ANAL-
YSIS 383 (1988).

49. Andersen, Incorporating Pharmacoldnetia and Risk Assessment Into the Setting of Occupa-
tional Exposure Limits: The Stodinger Lecture, 3 AppL Ind. Hyg. 10 (1988); Andersen, Clewell,
Gargas, Smith & Rettz, sufra note 44; D'Souza & Boxenbaum, Physiological Pharmacokinetic
Models: Some Aspects of Theory, Practice and Potential, 4 TOXICOL. INDUS. HEALTH 151 (1988).

50. Office of Science and Technology Policy, supra note 2, 10,375, 10,421; LAYARD &
SILVERS, Epidemiology in Environmental Risk Assessment, in THE RISK ASSESSMENT OF HUMAN
AND ENVIRONMENTAL HEALTH HAZARDS: A TEXTBOOK OF CASE STUDIES 157,160 (DJ. Paus-
tenbach, ed. 1989); Dioxm Risk to Humans is Minimal, Pesticide & Toxic Chemical News,
Oct. 26, 1988, at 24.

51. LAYARD & SILVERS, supra note 50, at 160; Pesticide & Toxic Chemical News, supra
note 50 (providing four suggestions by Dr. Vernon N. Houk of the Center for Disease
Control, "[concerning epidemiology that would be useful" for risk assessment); See also
Dinman & Sussman, Uncertainty, Risk, and the Rote of Epidemiology in Public Policy Development,
25 J. OCCUP. MED. 511, 514-5 (July 1983) (a test of a Proposed Epidemiologic Study Scor-
ing Method)

52. Adequate Standards or Cancellation, Rep. Miller Says ofEDB, Pesticide & Toxic Chemical
News, July 13, 1983, at 26.
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cer incidence in workers did not show an increase in the cancer
rate even though they had been exposed to concentrations as
high as 20 ppm for about fifteen to twenty-five years.53 When epi-
demiological data are available, it seems scientifically inappropri-
ate to blindly accept the results of mathematical models which
analyze only rodent data without giving serious consideration to
the human experience.54 At the very least, epidemiological data
can help bracket the range of reasonable risks associated with cer-
tain levels of exposure.55 This "reality check" should be a part of
every risk assessment, whenever possible.

Many scientists and regulators seem to have forgotten that vir-
tually all published risk estimates for carcinogens and develop-
mental toxicants are based on data collected in rodents which are
often given doses 100 to 10,000 times greater than that to which
humans are typically exposed.56 Few people will argue that such
testing is inappropriate or unnecessary for identifying potential
carcinogens, but these data must be carefully interpreted before
the risk to humans exposed at low doses can be estimated.57

Among other things, it should be remembered that the rodent
studies now used to predict human risk were never intended for
that purpose.58 These studies were designed to qualitatively
identify potential human hazards, not to quantitatively estimate
the human risk at low levels of exposure.59

Pitfall number four in dose-response assessment is the failure
to carefully scale-up data from rodents to describe the human re-
sponse. For purposes of risk assessment, statisticians and biolo-

53. Ames, supra note 1, at 380; Hertz-Picciotto, Gravitz & Neutra, How Do Cancer Risks
Predicted From Animal Bioassays Compare with the Epidemiologic Evidence? The Case of Ethylene
Dibromide, 8 RISK ANALYSIS 205 (1988).

54. LAYARD & SILVERS, supra note 50, at 160; Pesticide & Toxic Chemical News, supra
note 50.

55. LAYARD & SILVERS, supra note 50 ("[EJpidemiology can play an important role in
bracketing the risk estimates derived from animal experiments.")

56. Havendar, Peanut Butter Sandwich Deadlier Than Muffins Containing EDB, Wall St. J.,
April 4, 1984, at Bll, col. I. ("According to EPA's estimates, the average person con-
sumes 5 to 10 micrograms of EDB a day...[t]hat quantity is less than a quaner-millionth of
what, on a body-weight basis, the rats were given.")

57. See, e.g., Sielken, Quantitative Cancer Risk Assessments for 2,3,7,8-Tetrathlorodioenzo-p-Di-
oxin (TCDD), 25 FOOD CHEM. Toxic. 257 (1987).

58. Id.
59. S.L. FRIESS, Risk Assessment: Historical Perspectives, in PHARMACOKINETICS IN RISK AS-

SESSMENT, 8 DRINKING WATER AND HEALTH 3 (National Academy Press 1987); E. EPSON,
THE APOCALYFTICS. CANCER AND THE BIG LIE, 308 (1984); Barr, Design and Interpretation of
Bioassays for Careinogenidty, 7 REG. TOXICOL. & PHARM. 422, 423 (1987).
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gists have generally assumed that at a given dose (mg/kg-day) the
rodent response to a chemical will be nearly identical to the
human response; even though most scientists recognize that this
will often not be true. This all-important assumption is no longer
necessary, and risk assessors should move aggressively to incor-
porate a more scientifically defensible approach. Many factors
need to be considered when trying to predict how humans will
respond compared to rodents.60 First, the biologic half-life be-
tween rodents and humans can be expected to vary for virtually
all chemicals.61 Often, for a given chemical, these differences will
vary in a predictable manner based simply on the body weight to
surface area ratio and/or life span.62 As a result, regulators have
used correction factors based on surface area in an attempt to ad-
just for the pharmacokinetic differences between rodents and
humans. However, due to its simplicity, the surface area per body
weight approach will frequently not account for the difference in
half-life; additionally, the need for a correction factor depends on
whether the carcinogen is the parent chemical or a metabolite.65

Rather than rely on simple scale-up factors, we now have the ca-
pacity to accurately adjust our risk estimates to account for these
differences by using physiologically-based pharmacokinetic (PB-
PK) models.64 They represent a mathematical approach to ac-
count for the various physiological and metabolic differences be-
tween the test species and humans including body weight,
metabolic capacity and products, respiration rate, blood flow, fat
content, and a number of other parameters.65 The potential ben-
efits of this approach have been so impressive that a special sym-

60. EPA, supra note 27, at 33,993-34,000; Bus & Gibson, supra note 34; Sielken, supra
note 37; Whittemore, Grosser, & Silvers, Pharmaeokinetics in Low Dost Extrapolation Using
Animal Cancer Data, 7 FUND. & APP. TOXICOL. 183 (1986).

61. Biological half-life of selected chemicals (days):
GUINEA

SUBSTANCE MOUSE RAT HAMSTER Pic MONKEY HUMAN
Carbon Tetrachloride 0.10 0.25 0.35 • 0.46 0.50
Dioxin 15.0 31.0 15.0 31.0 455.00 2800.00

62. Whittemore, Grosser & Silvers, supra note 60; Ramsey & Anderson, A Physiologically
Based Description of the Inhalation Pharmacokinetia of Stymie in Rats and Humans, 73 TOXICOL. &
APP. PHAKM. 159 (1984).

63. D'Souza & Boxenbaum, supra note 49; HART & FISHBEIN, /ntersptcies Extrapolation of
Drug and Genetic Tenacity Data, in TOXICOLOGICAL RISK ASSESSMENT 3 (Clayson, Krewski &
Munro eds. 1985).

64. D'Souza & Boxenbaum, supra note 49.
65. Id.
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posia was held by the National Academy of Sciences to discuss
PB-PK models and encourage their use.66

The fifth, and possibly most important pitfall is failure to alter
the risk estimates by considering biological information such as
the time it takes for a tumor to appear, metabolic differences be-
tween species, and whether the chemical is genotoxic.67 Gener-
ally, irrespective of the type of carcinogenic response, regulatory
agencies will use a single curve fitting procedure to estimate the
human risk. The result is usually based on three data points from
a two-year rodent study.68 The shortcomings associated with ig-
noring biological information are numerous. For example, ni-
trilotriacetic acid (NTA) produced kidney tumors in rodents, but
only following very high doses. It was ultimately shown that at
high doses, NTA produced chronic progressive nephrosis (CPN)
due to repeated cytotoxity. The repeated toxic effects produced
sufficient irritation to form bladder tumors.69 However, at doses
to which humans might be exposed, the tumors would not be ex-
pected to form. After a good deal of study, it was agreed that
although the cancer models predicted a significant risk at low
doses, no human risk was likely at the anticipated level of expo-
sure.70 This is one of many examples which illustrates that no
matter how well the animal dose-response data are statistically an-
alyzed, it is a serious pitfall to predict human health risks from
rodent data without considering all the relevant biological data.

It is increasingly clear that numerous mechanisms are at work
in the multi-step process of chemical carcinogenesis. Heretofore,
we have divided chemical carcinogens into two broad classes: ge-
notoxicants and nongenotoxicants. At one time, it was believed
that all carcinogens were genotoxicants, chemicals which directly
alter the DNA. Some believe that genotoxicants may act through
point mutations, insertions, deletions, or changes in chromosome
structure or number. These can be measured as chemical reactiv-
ity with the DNA, mutagenesis, induction of DNA repair, or cyto-

66. KREWSKI, MURDOCH & WJTHEY, The Application of Pharmacokinetic Data in Carcinogenic
Risk Assessment, in PHARMACOKINETICS IN RISK ASSESSMENT, 8 DRINKING WATER & HEALTH
441, 442 (National Academy Press 1987) (this volume was a result of the National Acad-
emy of Sciences symposia).

67. Sielken, supra note 38; Butterworth & Slaga, supra note 42.
68. Krewski, Brown & Murdoch, supra note 48.
69. Id.; Buuerworih, Xongenotoxie Carcinogens, 1 CHEM. INDUS. INST. or TOXICOL. ACTIVI-

TIES 2 (1987).
70. ANDERSON & ALDEN, supra note 47.
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genetic effects in bacterial or mammalian cell culture assays as
well as in the whole animal. Conversely, nongenotoxic chemicals
are those that lack genotoxicity as a primary biological activity.71

While these agents may secondarily yield genotoxic events as a
result of toxicity, such as hyperplasia (excessive cellular growth),
their primary action does not involve reactivity with the DNA.
Because at low doses nongenotoxicants may not produce toxicity,
the primary reason for excessive cell turnover, many scientists ex-
pect them to possess a threshold dose below which no cancer haz-
ard would be present. This is in contrast with genotoxicants
which may have some risk, albeit small, even at very low doses.72

Pitfall six is the use of models which do not or are not capable
of responding to the dose-response curve. As discussed by
Sielken,73 it does not seem appropriate to use models which are
minimally responsive to the very costly information collected in
standard lifetime rodent studies. By considering only one low-
dose model, or by conducting only one statistical test for selecting
the form of the model, we limit our ability to learn from the ro-
dent data. One way to avoid this shortcoming is to conduct simu-
lations of the model's responsiveness to alternative, but similar,
data sets to insure that the extrapolation is reasonable. Some
regulatory agencies, however, believe that too little is known
about what might happen at low doses to change to less conserva-
tive approaches.74

What is meant by the phrase "responsive to the data?" Two
terms are frequently used in this regard: fragile and insensitive.
Fragile usually means that the model over-responds to the data
while insensitive means that the risk estimates vary little irrespec-
tive of the rodent's response. The following example should il-
lustrate the potential problem. Assume that two identical animal
studies were conducted: one in New York and one in San Fran-
cisco. In each lab, there are one hundred test animals (fifty per
sex were exposed to two doses and a control). At the conclusion,
there was no increased tumor incidence in the females at any dose
in either lab. However, in the males, we find that one additional

71. Butierworth, supra note 69.
72. /rf.
75. Sielken, supra note 13; Sielken, A Response to Crump's Evaluation of Sielken's Dau-Re-

sponse Assessment of TCDD, 26 FOOD CULM. TOXICOL. 80 (1988).
74. California Department of Health Services, supra note 27; Crump, A Critical Evalua-

tion of a Dose-Response Assessment for TCDD, 26 FOOD CHEM. TOXICOL. 79 (1988).
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rat in San Francisco, at the 3 mgAg-day dose, has a tumor com-
pared to the test group in New York.75 The controls had no in-
creased incidence of this tumor type. To scientists, the biological
difference between these results is insignificant; that is, the results
are equivalent. To estimate the risk of having this chemical in our
diet at a dose one thousand fold below the lowest dose tested in
rodents, a model needs to be used.

Applying the multistage model, the one most frequently used
in the United States, we find a significant difference in the maxi-
mum likelihood estimates (MLE) due only to the difference of one
rat between the two studies. For example, as shown in our hypo-
thetical animal study, at a dose of 0.01 mgAg-day, the San Fran-
cisco data would suggest a risk of one in ten thousand whereas
the New York data would predict that the excess risk was only two
in one million.76 Frequently, such a difference in the potential
cancer risk represents the difference between whether a chemical
is banned or its use encouraged. Interestingly, the UCL's on the
added risk for both studies are about the same, that is 3/10,000,
and this is almost 100 fold greater than that suggested by the
MLE of the New York data. The point is that scientists should not
be constrained by the insensitivities of the UCL methodology nor
the responsiveness of the MLE; rather decisions should be heavily
influenced, if not dictated, by biologic factors and good scientific
judgment. Clearly, both lawyers and risk managers must be
aware of the potential for a mathematical model to inadvertently
over-state or underestimate the significance of the data which, at
times, may have a dramatic effect on the regulatory decision.

RESPONSE

RISK

NEW YORK
0/50
1/50

10/50

75. An example of how low dose extrapolation models may over-respond:
RESULTS OF TESTING

DOSE (mgAg-day)
0
3

10
76. MLE RISK ESTIMATES

DOSE (mgAg-day)
3
1
0.1
0.01

SAN FRANCISCO
0/50
2/50

10/50

SAN FRANCISCO
4/100
1/100
1/1,000
1/10,000

NEW YORK
2/100
1/20,000
1/200,000
1/2,000,000
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C. Exposure Assessment

Over the past five years, a good deal of emphasis has been
placed on improving the first two steps of the risk assessment pro-
cess, hazard identification and dose-response assessment. How-
ever, most health risk assessments of waste sites and other
hazards which precipitate personal injury litigation are plagued
by serious problems in the exposure assessment phase of the
analyses. Indeed, this is the most easily mishandled of the four
portions of the assessment. This is a tragedy because exposure
assessment is the portion likely to be understood by the jury, the
government, and the judges.

Although there have been numerous claims that exposure as-
sessment is exceedingly difficult and uncertain, this portion con-
tains no greater uncertainty than other steps in the process. As
discussed previously, it is possible for different dose-response
models to predict risks which span one to four orders of magni-
tude: a significant range of uncertainty. Admittedly, there are a
large number of factors to consider when estimating exposure,
and it is a complicated procedure to estimate the transport and
distribution of a chemical which has been released into the envi-
ronment. Nonetheless, the available data indicate that scientists
can do an adequate job of estimating the concentration of chemi-
cals in the environment and the resulting uptake by exposed per-
sons if they account for the many factors that must be

, considered.77

There are at least four major pitfalls in the exposure assess-
ment process to which one should be sensitive. First, the typical
or average person, rather than the theoretical maximum exposed
individual (MEI), should be the focus of a health risk assessment.
Although the risk for those potentially exposed to particularly
high levels needs to be understood, too much emphasis has been

77. EPA, ESTIMATING EXPOSURES TO 2,3,7,8-TCDD, 205 (1988) (Draft); Eschenroeder,
Jaeger, Ospital & Doyle, Health Risk Analysis of Human Exposures to Soil Amended With Sewage
Sludge Contaminated With Potychlorinated Dibenwdioans and Dioenzofarans, 28 Vrr. HUM. TOX-
ICOL. 435 (Oct. 1986); Paustenbach, Important Recent Advances in the Practice of Health Risk
Assessment: Implications for the I990's, REG. TOXICOL. PHARM. (in press) (1989); LEUNC &
PAUSTENBACH, Assessing Health Risks in the Workplace: A Case Study of 2,3,7.8-Tetrachlorodibenzo-
p-duocint in THE RISK ASSESSMENT OF ENVIRONMENTAL HAZARDS: A TEXTBOOK OF CASE
STUDIES 689, 691 (D.J. Paustenbach ed, 1989); Bogen & Spear. Integrating Uncertainty and
Interindividual Variation in Environmental Risk Assessment. 7 RISK ANALYSIS 427 (1987).
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placed on the MEI.78 Instead, the typical person should be the
primary emphasis of the analyses even though the risk to others
should also be understood. The distinction is important. If, for
example, a regulatory agency bases its decision on the results of
an assessment assuming that a person eats about 100 grams of
fish every day of his or her lifetime (99th percemile), yet the aver-
age American eats only eighteen grams of fish per day (lifetime
average), the analysis should reflect the fact that ninety-nine of
100 persons are not represented by the corresponding risk esti-
mate.79 To help minimize the potential for misunderstanding, it
is recommended that the number of exposed persons at each of
the anticipated dose levels be presented, along with the most
likely and upper estimates of exposure. This has been done in
only a limited number of assessments. Using an exhibit like Table
1, the risk manager or the court can readily understand the sever-
ity of the risk for each segment of the population. Provided with
this information, it can then be decided whether large or small
sums of money need to be expended to reduce the health risks.

The next pitfall is a variation of the first one. It involves the
repeated use of conservative assumptions.80 Several published
papers have discussed this issue and have demonstrated its im-
portance.81 The problem can be illustrated in a recent attempt to
assess the dioxin hazard posed by municipal waste incinerators.
An agency evaluated the theoretical cancer risk for a child who
lived within a short distance (0.8 km) from the hypothetical incin-
erator.82 At first review, the analysis seemed reasonable until one
noted that the child ate about two teaspoons of dirt each day, that
his house was down-wind of the stack, that he ate fish from a pond
near the incinerator, his fish consumption was at the ninety-fifth
percentile level, he drank contaminated water from the pond, he

78. The Environmental Protection Agency has proposed guidelines on exposure related
measurements Tor risk assessments. 53 Fed. Reg. 48,830 (Dec. 2, 1988).

79. TOLLEFSON, Methyhnercury in Fish: Assessment of Risk for LT.S. Consumers, in THE RISK
ASSESSMENT OF ENVIRONMENTAL HAZARDS: A TEXTBOOK OF CASE STUDIES 845, 863 (DJ.
Paustenbach ed. 1989).

80. Paustenbach, Shu & Murray, jupra note 13, at 305; MAXIM, Problems Associated with the
Use of Conservative Assumptions in Exposure and Risk Analysis, in THE RISK ASSESSMENT OF ENVI-
RONMENTAL AND HUMAN HEALTH HAZARDS: A TEXTBOOK OF CASE STUDIES 526 (DJ. Paus-
tenbach ed. 1989); Finkel & Evans. Evaluating the Benefits of Uncertainty Reduction in
Environmental Health Risk Management. 37 J. AIR POLL. CONTROL A. 1164 (1987).

81. Paustenbach, Shu & Murray, supra note 13, at 303; Finkel & Evans, supra note 80;
Maxim & Harrington, supra note 13.

82. EPA, supra note 77.
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TABLE 1

Exposure lo
benzene
soluble
organtes

(mlcrograms
per cubfc
meter of
*r)M

4,5
5.5
6.5
7.5
8.9
10.9

People In
exposure

group
(ihousands)

13,900
1,034

54
8
2
2

lifetime
probability

of fang
cancer <4

0.0335
0.0344
0.0362
0.0360
0.0369
0.0389

Increased In
king cancer
due to coke

oven
emtestonsM

6.37 1 10*4
1.49110-3
2.33 x 10-3
3.18 x 10-3
4.02 x 10-3
6.04 x 10-3

Number of
lung cancer
deaths per
year due to
coke oven
emissions

125.0
22.0
U
0.4
0.1
0.2

a. Estimated using the Wetoufl probability model.
b. Background level assumed to be 3.75 mlcrograms per cubfc meter of air.
c. Lifetime probability 0.0329 at background exposure level.

TABLE 1: The following represents one method for presenting exposure, risk, and popu-
lation data. Such an approach gives risk managers all the important information needed to
make the difficult decisions about where to best allocate limited resources, rather than rely
on data for the maximally exposed individual (MEI). Adapted from EPA, CARCINOGEN AS-
SESSMENT GROUP, PRELIMINARY REPORT ON POPULATION RISK TO AMBIENT COKE OVEN EX-
POSURES, 14 (1978).

ate food grown primarily from the family garden, and he drank
milk from a cow which grazed on forage at the farm. This is not
quite the description of a typical person living near a municipal
incinerator. Regrettably, the associated upper estimate of the risk
was the only one reported in the press. Certainly, it would have
been more appropriate to have studied and presented the
number of persons likely to be exposed to this level, as well as the
level of exposure for the typical person living within ten miles of
the facility. It may also have been useful to note that few farms
are located near incinerators due to the need to service large
communities. Without such a presentation of the data, risk man-
agers and the public can easily be misled and, as a result, make
poor decisions.

The third pitfall is to conduct an exposure assessment without
considering the environmental fate of the chemical. In general,
many factors such as degradation by sunlight, soil and water mi-
crobes, and evaporation will influence the degree of human expo-
sure. For instance, the public health hazard posed by the
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potential contamination of groundwater by ethanol (alcohol)
washed down the sinks of taverns and restaurants was recently
evaluated. It was alleged that the disposal of this listed carcino-
gen might place the restaurant in violation of one of California's
new laws, Proposition 65. Consequently, a risk assessment was
conducted. It was soon recognized that the environmental half-
life of the chemical was a critical factor in this analysis. Specifi-
cally, chemicals such as methanol, ethanol, and phenol have rela-
tively short half-lives in most waters; only about four to eight
hours. This means that soon after release the ethanol would be
degraded and rendered harmless by water-borne microbes or lost
through volatilization, and that virtually none of the alcohol
would reach the tap water of homeowners. What had been por-
trayed as a potentially serious hazard was shown to be insignifi-
cant when half-life was considered.

Another pitfall is to neglect to consider using biological moni-
toring to validate or confirm the degree of human exposure.
Over the past five years, analytical chemists have increased their
ability to detect very small quantities of non-natural chemicals in
blood, urine, hair, feces, breath, and fat. For many chemicals, the
results would be a direct indicator of either recent or lifetime ex-
posure to a chemical. For example, the exposure to dioxin in
2,4,5-T (Agent Orange) of veterans who served in Vietnam was
recently evaluated by analyzing the amount of dioxin in their
blood. This study, conducted almost fifteen to twenty years after
the last day of service in Vietnam, allowed epidemiologists to con-
clude that the vast majority of veterans had only a modest degree
of exposure to dioxin; a contaminant which has been alleged to
produce numerous adverse health effects in field soldiers.83

The last trap is the failure to validate some of the assumptions
used in the analysis or the reasonableness of the results. In an
attempt to position themselves so as to be above the accusation
that their assessments are not sufficiently health protective, many
scientists have gone overboard in selecting certain parameters
used in the calculations. One example of the problem of making
assumptions without checking the reasonableness, occurred dur-
ing an evaluation of the cancer hazard posed by dioxin-contami-
nated soot from an office building fire. The risk assessment

83. Centers for Disease Control Veterans Health Studies. Servm 2,3,7,8-Te-
tracktorodibtnzo-p-dioxin Levels in US Army Vietnam-Era Veterans, 260 J. AM. MEP. A. 1249
(1988).
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assumed that the office workers might be exposed to the dioxin in
the soot for the entire forty years that they might work in the
building and that the dioxin would be released through volatiliza-
tion at a particular rate. It was calculated that persons who
worked forty years in the office building would be exposed to an
increased cancer risk much greater than 1 in 1,000,000, and as a
result, the building was not reoccupied. Even if one agreed with
the assertion that an increased cancer risk of 1 in 1,000,000 is the
maximum risk to which one should be exposed, something in the
analysis seemed flawed. After some study, it was shown that the
assumption regarding dioxin's volatility was too conservative.
Apparently, no one checked to see if the volatilization rate was
reasonable. Specifically, had this assumption been accurate, the
dioxin would have all been volatilized and been removed via the
ventilation system only four years after reoccupation. In short,
the exposure assessment assumed exposure was to occur for
forty-six years even though it would not have been present after
four years. The moral is that in any assessment a validation
should be performed to insure that the assumptions and results
are reasonable.84

D. Risk Characterization
The final step in a risk assessment, risk characterization, also

contains potential pitfalls.85 Among the most frequent shortcom-
ings is to portray the theoretical increased cancer risk of one in a
million as a serious public health risk. First, it is important to

V, remember that these usually represent the upper estimate of the
potential risks, not a true estimate of risk. Indeed, as stated in
nearly every risk assessment conducted by a regulatory agency,
"These estimates represent an upper bound of the plausible risk
and are not likely to underestimate the risk. The actual risk may
be much lower, and in some cases, zero/*86 In short, unless the
estimate is based on the results of a PB-PK scale-up procedure
and a biologically-based model that tries to incorporate all the
pertinent biologic data, the risk estimates are more applicable to a
rat than a human (Figure 5).

84. Maxim, supra note 80.
85. Slovic, Perception of Risk, 236 SCIENCE 280 (1987); Wilson & Crouch, Risk Assessment

and Comparisons: An Introduction, 236 SCIENCE 267 (1987).
86. See. e.g.t EPA, HEALTH ASSESSMENT DOCUMENT FOR TuiCHLOROETjmxNE A-120

(1982), EPA, HEALTH ASSESSMENT DOCUMENT FOR DICHLOROMETHANE 5-94 (draft) (1983).
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FIGURE 5

0*

407

Where:

Richly
Perfused

Tissue Group

Liver
Metabolizing
Tissue Group

Metabolites

CMI
C*

N
Qi

KM
Q.
V,
Q
At
C*
Pi

Alveolar ventilation rate (liters alr/hr)
Concentiauon In Inhaled air (mg/Iiter air)
Concentration in alveolar air (mg/llfer air)
Concentration In exhaled air (mg/IHer air)
Blood oJr partition coefficient (liters air/liter blood)
Cardiac output (liters Mood/hr)
Concentration In arterial Mood (mg/llter blood)
Concentiauon In mfated venous Mood (mg/uter Mood)
Maximum enzymatic reaction rate (mg/hr)
Mlchaei* constant for enzymatic reaction (mg/Iiter Mood)
Blood Sow rate to tissue group (IHers Mood/hr)
Volume of tissue group (liters I)
Concentration In tissue group (mg/Iiter f)
Amount In tissue group (mg)
Concentration in venous Mood leaving tissue group (mg/IHer Mood)
Tissue: Mood partition coefficient (IHers blood/liter i)

FIGURE 5: A physiologically-based pharmacokineiic (PB-PK) model as developed by
Ramsey Sc Anderson, A Physiologically-Based Description of the Inhalation Phanaacokinetia ofSty-
rrnt in Rats and Humans, 73 TOXIC'L. AND APP. PHAJUJ. 159, at 160 (1984). These types of
modek allow scientists to predict how humans will respond to a chemical based on data
collected in rodents. Basically, the movement and transformation of the test chemical
within the rodent is described by mathematical equations. The same is done for the
human. By comparing the two, one can quantitatively predia the human response. This
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Central to the area of risk characterization is the accurate and
unbiased presentation of the significance of the data. Specifically,
regulatory agencies have been subject to the pitfall of stating that
the results of low-dose models can actually predict the increased
cancer risk for exposed individuals. As recently discussed by Dr.
Frank Young,87 the current Commissioner of the FDA, this was
not the intent of such estimates:

In applying the de minimis concept and in setting other safety
standards, FDA has been guided by the figure of "one in a mil-
lion.*' Other Federal agencies have also used a one in a million
level such as the Occupational Safety and Health Administra-
tion and the Environmental Protection Agency, Both agencies
rely on the one in one million increased risk over a lifetime as a
reasonable criterion for separating high-risk problems warrant-
ing agency attention from negligible risk problems that do not.
The risk level of one in one million is often misunderstood by
the public and the media. It is not an actual risk - i.e., we do
not expect one out of every million people to get cancer if they
drink decaffeinated coffee. Rather, it is a mathematical risk
based on scientific assumptions used in risk assessment. FDA
uses a conservative estimate of risk to ensure that the risk is not
understated. We interpret animal test results conservatively
and we are extremely careful when we extrapolate risks to
humans. When FDA uses the risk level of one in one million, it
is confident that the risk to humans is virtually nonexistent.

Frequently, regulators suggest that most environmental regula-
tions have been promulgated so as to keep the theoretical cancer
risks below one in a million. In fact, the theoretical risks associ-
ated with currently enforced environmental regulations are in the

^ vicinity of one in 100,000, not one in 1,000,000.88 Occupational
exposure limits usually have theoretical risks in the region of one
in 1,000."

We should also attempt to present the significance of these
risks in a more understandable fashion. For example, the goal of
some environmental standards, such as the maximum contami-
nant levels (MCL) for drinking water, is to keep the maximum
plausible risk to about one in 1,000,000. What few persons rec-

87. Young, Risk Assessment: The Convergence of Science and the Law, 7 REG. TOXICOL. PHARM.
179, 184 (1987).

88. Travis, Richter. Crouch, Wilson & Kiema, supra note 18, at 416-18 (a table of risk
levels for 132 chemicals regulated by government agencies); Travis & Hattermer-Frey,
supra note 20, at 875 (a table of upper-bound risk levels after regulation of 36 chemical
carcinogens).

89. Rodricks, Brett & Wrenn. supra note 20. at 315.
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ognize is that since the incidence of cancer in the population is
currently about 25%, this is equivalent to insuring that the life-
time cancer risk for any person exposed to this level of contami-
nation is not greater than 250,001 in 1,000,000 (25.0001 %)
rather than 250,000 in 1,000,000. If society demands this stan-
dard of care, that is its choice. However, both society and its risk
managers deserve to understand the significance of the risk
before deciding to spend money on one hazard versus another.

Many news releases of the past ten years seem to indicate that
agencies have demanded that exposure to chemicals must be con-
trolled to a level that risks are only in the vicinity of one in
1,000,000. However, recent work has shown that this has clearly
not been the case.90 Specifically, we have tended to allow expo-
sure levels to be influenced by the number of exposed individuals
(Figure 6).

V. CONCLUSION
What does all of this mean to the legal profession? If one con-

siders all of the issues raised here, the reasons why risk assess-
ments are important and necessary becomes clear. The process
gives non-scientists the insight and knowledge needed to make
more objective and rational decisions in a complex scientific
arena. Assessments give regulators and courts the information
needed to know whether a particular hazard poses a significant or
de minimis risk.91 The hope is that this insight will result in cost
effective decisions and fair court settlements.

In toxic tort cases, risk assessments can clearly play an impor-
tant role. Risk assessments can help substantiate medical opin-
ions regarding causation, quantitatively describe the likely degree
of exposure, reduce reliance on experts1 professional intuitions,
and neutralize subjective or unsubstantiated claims about expo-
sure level and associated health risks. My experience is that attor-
neys who have been aware of the benefits of the risk assessment
process have done very well in representing their clients in clean-
up and personal injury litigation.92 This has, in part, been be-

90. See, e.g.t Travis, Richter, Crouch, Wilson & Klema, supra note 18.
91. C. WHIPPLE, Dealing with Uncertainty About Risk in Risk Management, in HAZARDS:

TECHNOLOGY AND FAIRNESS 44, 45 (National Academy Press 1986).
92. Black, Evolving Legal Standards for the Admissibility of Scientific Evidence, 239 SCIENCE

1508 (1988); Mitchell, Ward & Crunch, Legal Standards of Causation in Chemical Exposure
Litigation, 7 REG. TOXICOL. PHARM. 206. 211 (1987).
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FIGURE 6
EFFECT OF INDIVIDUAL vs. POPULATION RISK ON CHEMICAL

CARCINOGEN REGULATION
0.0
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Log of population risk (cancers/yr)
FIGURE 6. A compilation of the individual risk levels inherent in various regulatory deci-
sions as a function of the number of exposed persons. Note that when the number of
exposed persons is relatively small, the allowable level of exposure increases. From
Travis, Riditer, Crouch, Wilson, and Klema, supra note 18. at 419.

cause high quality assessments have helped juries quantitatively
evaluate the reasonableness of the medical claims. An under-
standing of the pitfalls and shortcomings that have been identi-
fied and discussed here should give a significant advantage to
attorneys and scientists who must respond to or present health
risk assessments.
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U.S. Said to Lack Data on Threat
Posed by Hazardous Waste Sites

By KEITH SCHNEIDER

Speciil to The New Yort Ttmn
IASHINGTON. Oct 21 —
The National Research
Council said today that
the nation's mammoth

program to clean up toxic waste was
hampered by its inability to tell the
difference between dumps posing a
real threat to human health and those
that do not

In a report, the research council, an
arm of the National Academy of Sci-
ences, said that because not enough
money was spent on developing a
sound scientific system for setting
priorities, the nation faced the pros-
pect of wasting billions of dollars on
dumps that posed little or no risk and
ignoring dumps that were a true
threat to the environment and public
health.

The report is the latest in a succes-
sion of studies in and out of Govern-
ment to identify weaknesses in the
management of the Superfund pro-

'We shouldn't be
making decisions on
spending billions of
dollars out of
ignorance.'

gram, the Federal and industry-fi-
nanced project begun in 1980 to clean
up abandoned chemical waste
dumps.

But its recommendations are
equally applicable to even more ex-
pensive cleanup programs managed
and paid for by the Department of
Energy and the Department of De-
fense. The two departments are
spending more than $6 billion this
fiscal year on cleaning up toxic chem-
ical and radioactive waste sites.
Need to Evaluate Risks

"We shouldn't be making decisions
on spending billions of dollars out of
ignorance," said Dr. Thomas C. Chal-
mers, distinguished physician of the
Department of Veterans Affairs in
Boston, a member .of the committee
that prepared the report. "We need
much more data to determine which
sites ought to be pursued and we need
to set up a better system of evaluat-
ing risks."

By any measure, according to the
research council's study, the task of
sopping up the poisonous byproducts
of 20th century .industrialism is mon-
umental. According to a Congression-
al study, more than 400,000 leaking
chemical storage tanks, pesticide

dumps, piles of mining wastes, under-
ground tanks and waste pits exist
around the country.

Prompted by the public's concern
that such sites leaked poisons into the
air and water and posed grave risks
to communities. Congress estab-
lished the Superfund program, the
first public works program that fo-
cused on environmental restoration.

But the program has been ham-
pered from its inception by the diffi-
culty of the work, ineffective manage-
ment and poor cost controls. Of the
more than 1,200 toxic waste sites des-
ignated by the Government to be the
most dangerous, only 63 have been
cleaned up, the Environmental Pro-
tection Agency reports.

The study was ordered by the Na-
tional Academy of Sciences, a private
organization that was chartered by
Congress to examine science and
technology issues at the request of
Federal agencies.

With its new study, the research
council has identified another basic
problem with the Superfund pro-
gram: a striking lack of scientific
data. The research council found that
the Government had no comprehen-
sive inventory of toxic waste sites, no
program for finding new sites and
almost no sound scientific data for
determining how people are affected
by their exposure to low levels of
chemicals leaking into the air and
water from waste sites.

The report said, "A decade after
implementation of Superfund, and de-
spite Congressional efforts to redi-
rect the program, substantial public
health concerns remain, and critical
information on the distribution of ex-
posures and health effects associated
with hazardous waste sites is still
lacking."

Almost nothing is known about the
effects on human health of most
chemicals found in hazardous waste
sites, the study said. Most people ex-
posed to hazardous waste at those
sites come in contact with minute
amounts of chemicals, but very little
is known about how they are affected,
it continued. Another gap in the Gov-
ernment's data is that scientists have
virtually no idea of the risks posed by :

two or more chemicals that react in a
waste site to form another toxic com-
pound. ' '.

In the absence of scientific and
" health data, the Environmental Pro-
tection Agency has developed sepa-
rate methods for making estimates
about the risk of a toxic waste site
that help guide the agency's priorities
for cleaning them up.

Sites that the agency knows con-
tains large amounts of liquid chemi-
cals, are close to population centers
and are leaking into underground .
sources of water generally receive
the most attention. The agency also
considers sites nearest to rivers and

flood plains to be the most dangerous
to communities.

"We are spending hundred of mil-
, lion of dollars here and throughout
the Government to get more data to
improve health studies, to understand
haw chemicals move in the environ-
ment., and find out what the exposures
are." said Richard J. Guimond, the
national Superfund director at the
E.PA. "But there are 40 million peo-
ple out there who live within four
miles of a Superfund site. Do you tell
them, 'Hey, sit tight We're studying
this problem. Until we have better
information in 20 years we won't lake
action?'"

The authors of the report, an eight-
member committee of experts from
Federal and state health agencies
and prominent universities, called on
Congress and the Bush Administra-
tion to sharply increase the amount of
money being spent on research to
develop new technical tools that
would quickly and accurately identify
the risks from exposure to chemicals
in toxic waste dumps. Less than 1
percent of the Federal money spent
on toxic waste cleanups is directed '
toward such research, the study said.
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Vang. <i, K. Ge, J. Cbcn. and X. Chen. !9Ba S*lenium-rclaieri endemic diieasct and
the daily ideniuni i«|uircmeni of hununi World Rev. Nuir. Diet. 55:98-15*.

COPPER
Copper is an essential nutrient for all vertebrates and some lower

animal species (Davis and Mertz, 1987). Several abnormalities have
been observed in copper-deficient animals, including anemia, skeletal
detects, demyelinatkm and degeneration of the nervous system, de-
fecu in pigmentation and structure of hair or wool, reproductive
failure, myocardial degeneration, and decreased arterial elasticity.
There are a number of important copper-containing proteins and
enzymes, some of which are essential for the proper utilization of
iron (Davis and Mem, 1987).

Assessment of Copper Status
Although hypocupremia is readily produced in animals during

experimental copper deficiency, circulating copper concentration is
not necessarily a valid index of copper nutriluie in humans (Solo-
mons, 1979). Ceruloplasmin, a protein-copper complex, is strongly
influenced by hormonal changes or inflammation, thus limiting its
usefulness as an indicator (Mason. 1979). Determination of eryth-
rocyte superoxide dismulase (SOD) activity appears to be a promising
technique for assessing copper staltu in humans (Uauy et al.. 19ft5).

Evidence for Human Requirement
Severe copper deficiency is rare in human beings (Cartwright and

Wimrobe, 1964; Danks, 1908). Copper depletion sufficient to cause
hypocupremia has been observed during total pa renters I nutrition
(Shike, 1984) and in cases of Mentes' steely hair disease—a rare,
inherited disease resulting in impaired copper utilization (Menkes ei
at, I9ti2). The hypocupremia reported in protein-calorie malnutri-
tion, sprue, nephrotk syndrome, and certain other diseases is prob-
ably unrelated to dietary copper intake and is believed to be secondary
to a state of hypoproteinemia and inability to provide adequate
amounts of the aproproiein for ctrulupla&min synthesis (Mason,
1979). Under normal circumstances, dietary copper deficiency is not
known u> occur in adults, but it has been observed in malnourished
children in Peru; its manifestations are anemia, neutropenia, and
severe bone demineralization (Cordano et al., 1964). In the early
1970s in the United States, similar findings were recognized in a few
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very small premature infants who were hospitalized for long period*
and exclusively fed modiied cow's milk formula or received pro-
longed parent era I alimentation. Presumably, these aberrations re-
flected a deficient dietary intake of copper (Cordano, 1974). More
recently, copper deficiency has been shown to impair the growth of
Chilean infants recovering from malnutrition (Castillo-Duran and
Uauy, 1988).

The concentration of copper in the human fetus increases sub-
stantially during gestation, about half of the total fetal copper ac-
cumulating in the liver (Widdowson et al.. 1974). These hepatic re-
serves are believed to protect the full-term infant against copper
deficiency during the firs* few months of life. In the United Slates,
tissue copper concentrations remain remarkably steady throughout
adult life (Schroeder et al., 1966). The relatively constant copper
concentrations in most tissues indicate sufficient dietary intake and
effective homeostaiic control of copper.

bptdemtological and experimental animal studies suggest a positive
correlation between the zinc-lo-copper ratio in the diet and the in-
cidence of cardiovascular disease (Klevay, 1984). Elevated plasma
cholesterol levels, impaired glucose tolerance, and heart-related ab-
normalities have been observed in some human subjects consuming
only 0.8 to 1.0 mg copper per day (KJevay et al.. 1984; Reiser el al..
1985), but not in others (Turnlund ei al., 1989).

Dietary Sources and Usual Intakes
Organ meats, especially liver, arc the richest sources of copper in

the diet, followed by seafoods, nuts, and seeds. The concentration
of copper in drinking water is highly variable; it is much influenced
by the interaction of the water's acidity wilh the piping system. Ad-
ditional contributions to imake may come from adventitious sources.
such as copper-containing fungicides sprayed on agricultural prod-
ucts. Human milk contains approximately 0.3 m^liter; cow's milk
only about 0.09 mg/liicr (Varo et al., 1980)

Older analytical data indicating that most U.S. diets provide a daily
copper intake between 2 and 5 mg are now being reexamined and
questioned (Klevay. 1984). The Total Diet Study, based on the ex-
tensive dietary analyses performed by the C.S. Food and Drug
Administration, showed that the daily intake of copper for adult
males and females averaged about 1.2 and 0.9 mg, respectively, from
1982 to 1986 (Pennington et al., 1989}. The intakes for infants 6 to
11 months old and toddlers 2 yean old were 0.45 and 0.57 mg daily.
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Several different factors may affect the bioavailabiliiy of dietary
copper. Jacob et al. (1987) observed that high intakes of vitamin C
(605 ing/day) decreased serum ceruloplasmin but had no effect on
overall body copper status. Zinc intakes slightly above RDA levels
reduced apparent copper retention in young men and adolescent
females (Fesiaet at.. 1985; Gregeretal.. 1978). The degree of copper
deficiency may be influenced by the type of carbohydrate consumed.
since rats fed a diet containing fructose developed more severe signs
of copper deficiency than did rats fed a diet containing either glucose
or starch (Fields et al., 1984). Although it may be assumed that the
interaction between copper and ascorbic acid involves reduction and
chelaiion of the metal in the intestine, the nature of the interaction
of copper with zinc or carbohydrates is not yet known.

Estimated Safe and Adequate Daily Dietary Intakes
Adults In the past, estimates of the copper requirement for

humans were derived from metabolic balance studies. However, the
balance technique can lead to false estimates of nutritional require-
ments because the efficiency of copper abiorption is increased or
decreased in response to low or high copper intakes, respectively
(Turniund et al., 1989). Older balance studies suggested that the
adult requirement for copper ranged from 2.0 to 2.6 mg/day, whereas
later studies indicated that intakes less than 2.0 mg/day, and often
not much more than 1.0 mg/day, could maintain positive copper
balance (Mason, 1979). In a recent metabolic ward study, 13 men
consuming a variety of typical U.S. diets were found to need 1.30
mg/day to replace fecal and urinary losses (Klcvay et al., 1980).

Whole-body surface losses of copper are highly variable. Such vari-
ability makes ii difficult to select an appropriate value for the losses
incurred through this pathway, but recent estimates indicate that
copper losses from ihe body's surface are kss than 0.1 mg/day (Turn-
tund et al.. 1969). If ihe true gastrointestinal absorption of copper
at intakes of 1.7 to 2.0 mg is 36% (± 1.3 SEM) (Turniund et al., 1989).
then a dietary intake of 0.3 mg/day is required to replace body surface
tosses. Adding this figure to the average dietary intake of 1.3 mg/day
needed to replace urinary and fecal losses indicates that a total dietary
copper intake of approximately 1.6 mg-'day is required to ma in tain
balance in adull men.

Man* U.S. diets provide less than 1.6 mg of copper daily (Klevay,
1984). Since anemia or neutropenia awribable *o copper deficiency

has not been observed in aduks consuming typkat U.S. diets, there
n an obvious discrepancy between the experimentally derived copper
requirement as denned by balance studies and currently estimated
dietary copper intakes. This suggests either a long-term hometmatic
adaptation 10 low copper intakes, or an incorrect estimate of dietary
copper intake due to the underreporting of certain foods and water
that are sources of the element. Because of the uncertainty about the
quantitative human requirement for copper, it is not possible to es-
tablish an RDA for this trace element. Rather, the subcommittee
recommends 1.5 to 3 mg/day as a safe and adequate range of dietary
copper intake for adults.

infants and Chtidrtn The average daily intake of copper by ex-
clusively breastfed North American in farm was 0.23 ± .07 mg over
the first 4 months of beta I ion (Buiie et al.. 1987), or approximately
40 ± 16 |tg/kg per day. This intake is substantially les» than the 80
ug/kgperday recommended by a World Health Organization Expert
Committee (WHO, 1973), but approaches the lower limit of the es-
timated requirement range of 45 to 135 u.g/kg per day suggested by
Cordano (1974) for rapidly growing infants with poor stores. Positive
copper balance has been observed in normal children ages 3 months
to 8 years with intakes as low as 35 ±22 jig/kg per day (Alexander
ei al,, 1974).

Studies in animals have shown high bioavailabiliiy of copper front
human milk (Lonnerdal et al.. 1985). Further more, the sizeable he-
patic copper reserve built up during fetal development appears to
contribute to the early needs of the growing full-term infant (Wid-
dcmsoneial.. 1974). AfterSmonihsof age, the recommended copper
intake of 75 ug/kg/day translates into dietary range* of 0.4 to 0.6 and
0,6 to 0.7 mg/day lor reference infanti from birth to 6 months and
from 6 to 12 months old, respectively. The introduction of solid foods
ai 4 to 6 months of age should enable the older infant fed a mixed
diet to meet the copper recommendations (Gibson and De Wolfe,
1980). but ihe exclusively breastfed infant will have difficulty in
achieving those levels because copper levels in human milk decline
from 0.6 to 0.2 mg/liier during the first 6 monlhs of lactation (Vuoii
and Kuitunen, 1979). These recommended intakes may be inade-
quate for the premature infant, who is always born with low copper
stores (Shaw, 1973),

The American Academy of Pediatrics has recently recommended
that infant formulas provide 60 (tg of copper per 100 kcal (A A I1.
1985). By following this recommendation, a typical formula-fed in-
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fani from birth to 6 months of age receiving 700 kcal per day would
consume approximately 0.4 mg of copper per day.

In preadoleicenc and adolescent girls, Fecal and urinary losses were
at or near equilibrium with a dietary copper intake of I 10 1.3 mg/
day (35 to 45 fig/kg body weight per day) <Engel el a)., 1967; Greger
elal., 1978; Price and Bunce. 1972). The recommended copper range
of 1.0 to 2.0 ing/day for 7- to 10-year-old children provides at least
40 pR/kg body weight/day.

Excessive Intakes and Toxidty
An FAO/WHO Expert Committee concluded thai no deleterious

effects can be expected in humans whose copper intake is 0.5 mg/kg
body weight per day (FAO/WHO, 1971). Usual diets in the United
Slates rarely supply more than 5 mg/day, and an occasional intake
of up to 10 mg/day is probably safe for human adults. Although
storing or processing acidic foods or fluids in copper vessels can add
to the daily injake. overt loxicity from dietary sources is extremely
rare in the U.S. population (NRC, 1977)
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MANGANESE
Manganese has been shown lo be an essential element in every

animal species studied Signs ol deficiency include poor reproductive
performance, growth retardation, congenital malformations in the
offspring, abnormal formation of bone and cartilage, and impaired
glucose tolerance (Hurley and Keen. 1987). Several enzymes, such
as decarboxylases. hydrolases, ki ruses, and transferases, are nonspe-
cih'cally activated by manganese m vitro. There are two known man-
ganese metalloenzymes: pyruvaie carboxvlase and uiperoxide dis-
mutase, both localized in mitochondria.

Manganese deficiency has never been observed in mminstitution-
alized human populations because of the abundant supply of man-
ganese in edible plant materials compared to the relatively low re-
quirements of mammals (Underwood, 1941). Analyses of a variety
of tissues taken from humans of various ages have indicated that
there is no tendency for either a decrease or an increase in manganese
accumulation throughout most of the life cycle (Schroeder el a I,
1966). This constancy of manganese concentration in the tissues sug-
gests adequate dietary intake coupled with strong homeostatic con-
trol. There has been only one recorded case of a possible manganese
deficiency in a human—a male subject in a vitamin K deficiency study
who was led a purified diet from which manganese was inadvertently
omitted (Doisv. 1973). His total diet (food and water) furnished only
about0.3S mg of manganese per day. RetrospeclivcanaK/ses revealed
chat there were 55 and 95% declines in his serum and stool manganese
levels, respectively, over a 17-week period (Doisy, 197-4).
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Progress in the field of manganese nutrition has been hampered
because of die lack of a practical mei hod for assessing manganese
status. Blood manganese levels appear to reflect body manganese
status of rats fed deficient or adequate amounts of manganese (Keen
et al., 1983). but consistent changes in blood or plasma manganese
levels have not been observed in depleted or lepleted human subjects
(Frceland-Gravesetal., 1988; Friedmanetal. 1987). Animal studies
have shown that the activity of mitochondrial supcroxide dismutase
is a function of dietary manganese intake, but practical usefulness of
this enzyme as an indicator is uncertain since tissues containing mi-
tochondria are generally not readily available for nutritional status
assessment purposes.

Dietary Sources and Usual Intakes
Whole grains and cereal products are the richest dietary sources

of manganese, and fruits and vegetables are somewhat less so. Dairy
products, meat, fish, and poultry are poor sources. Tea is a rich source
of manganese, but typical drinking water consumed at the rate of 2
liters daily contributes only about 40 to 64 |ig, or about 2 to 3% of
the amount furnished by diet (NRC, 1980).

Although there is now a body of data concerning the levels of
manganese in the diet, Iktle is known about the chemical form or
nutritional bioavailabtlity of the manganese in foods (Kies, 1937).
Extreme dietary habits can result in manganese intake outside the
provisionally recommended limits; consumption of a varied and bal-
anced diet will reliably furnish safe and adequate amounts.

The Total Diet Study conducted in the United States between 1982
and 1986 indicated that the mean daily dietary manganese intake
was 2.7 and 2.2 mg for adult men and women, respectively <Pen-
nington et at. 1989). Teenage boys consumed an average of 2.8 mg/
day. whereas girls consumed only 1.8 mg/day. Mean manganese in-
takes were I.) and 1.5 mg/day for 6- to 11-month-old babies and 2-
year-old toddlers, respectively.

Estimated Safe and Adequate Daily Dietary Intakes
Adults Several short-term balance studies in adult humans fed

different amounts of manganese have been conducted in an attempt
to define the requirement for this trace element (reviewed by r rce-
land-Craves et al.. 1987). However, there are many problems with
using the balance method to estimate trace clement requirements
(Frceland-Graves el al.. 1988). At best, such studies determine the
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Protecting the Environment

Murray Weidenbaum

Every poll of citizen sentiment shows overwhelm-
ing support for doing more to dean «p the en-

vironment A public opinion survey by The New
York Times and CBS Newt reported in 1983 that 58
percent of the sample agreed with the following state-
ment; "Protecting the environment U so important
that requirements and standards cannot be too high
and continuing environmental improvements must be
aiade regardless of cost"

Despite the continuation of such an overwhelming
public mandate and a ptahoraof new laws and direc-
tives by the EFA (Environmental Protection Agency)
plus hundreds of billions of dollars of compliance
costs expended by private industry, the public
ranting unhappy with the results.

Unfortunately, environmental action U an ex-
tremely important example of not wishing to pay the
piper. Those same citizens who want environmental
improvements "regardless of cost" vociferously and
adamantly oppose the location of any hazardous-
waste facility in their own neighborhood. Nor are
they keen on paying for the cleanup. Of course, they
strongly ftvor cleaning up the environment, but each
prefect to have the dump site located in someone
else's backyard and to have the other fellow pay tor
It

An example of this situation is the reaction of the
enlightened citizens of Minnesota to a $3.7 million
grant ftom the EPA to build and operate a state-of-
the-sn chemical landfill that could hanrflp hazardous
wastes with a high assurance of safety, tneachoffoe
1$ locations that the state proposed, the local resi-
dents raised such a fuss and howl that the state
government backed off. Ultimately, the unspent
pant was returned to the EPA.

The Minnesota experience is not exceptional. The
EPA was also forced to stop a project to test whether

the sludge from a municipal waste treatment plant
could be used as a low-cost fertilizer. Public opposi-
tion was fierce* even though the EPA was going to
use federally owned land and the sludge was expected
to increase crop yields by 30 percent

Since 1980* not a single major new disposal
facility has been sited anywhere in the United States..
According to a state-by-state review, the outlook for
the fiiture is "even more bleak," to large pan because
of the deteriorating emotional atmosphere surround-
ing any effort to locate a. new dump site. As fcaer
Sandman of Rutgers University has pointed out, the
public perceives environmental matters not only
emotionally, but also morally. "Our society," he has
written, "has reached near-consensus that pollution Is
morally wrong-not just harmful ordangetoos... but
wrong* Yet, the individuals who make up that same
public are reluctant to personally assume the burdens
associated with that strongly held view.

This ambivalent attitude toward the environment
is not new. In 1969, the National Wildlife Federation
commissioned a national survey to determine how
much people were willing to pay for a cleaner en*
vtronment Atatlme of peak enthusiasm forenvtron-
mental regulation, the public was asked, "To stop
pollution destroying our plant life and wildlife, would
you be willing to pay an increase in your monthly
electric bin of $ir The "no* vote won bands down,
62 percent to 28 percent (with 10 percent "not sure").
That study, we should recall, was taken before the big
runup to utility bill*. Perhaps not too surprisingly,
the survey showed strong support for taxing business
to finance environmental cleanup.

fa other words, most Americans very much want
a cleaner environment* but are neither wining to pay
for it nor to inconvenience themselves. Americans
try to take the easy way out - by imposing the burden
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on "someone else,' preferably a large, tmpenonal
institution. I

It is much easier for Congress to express a desire
for cleaner air or purer water than for an agency like
the EPA to fulfill that desire. Vast sums of money
nave been spent for these purposes in recent years.
From 1970to 1986, Congress appropriatedmore than
$55 billion for the operation of the EPA. The bead-
count of EPA employment rose from a few hundred
In 1970 to over nine thousand in 1958. These man*
cers are dwarfed by the costs for the private sector to
comply with government's roles on environmental
cleanup. The U.S. Council on Environmental
Quality estimated the total at more than $100 bflUon
for 198$, and more than $750 billion for the preced-
ing decade (in dollars of 198$ purchasing power).

These staggering outlays have not prevented
critics from initiating an almost endless array of
lawsuits whose main purpose is to get the EPA to act
faster and to do more. Typical of the assaults on the
EPA is this statement by Congressman James J.
Rorio of New Jersey; They are not in charge. They
do not have the resources by their own actions to get
the work done, and they are more interested in cos-
metics than anything."

The plaintive response of the EPA administrator
at the time was that "EPA's plate Is very full right
now.** That plate is being heaped higher on an almost
daily basis. One of EPA's newest responsibilities*
for instance, is regulation of genetically engineered
pesticides. Rapid scientific improvements permit the
detection and, perhaps, regulation of ever more
minute quantities of pollutants.

Meanwhile, John and Jane Q. Public) are making
the problem worse. In 1965, the average American
disposed of three pounds of garbage a day. By 1985.
that figure was up to four pounds each day and
rising - in addition to wastes from agriculture, mini-
ng, industry, construction and demolition, sewage,
and junked autos.

The EPA can claim important accomplishments.
Between 1970 and 1985, air pollution from vehicles
fell by 46 percent for hydrocarbons. 34 percent for
carbon monoxide, and 75 percent for lead. Riven
that were nearly devoid of life teem with fish once
again. Lake Erie* so laden with pollutants in 1969
that a river feeding into it caught fire, has been
revived.

Despite these successes, the EPA frequently Ms
short in meeting congressionaUy mandated goals for
pollution cleanup. The hard fact is that the status quo
in environmental policy Is not sufficient Congress

continues to pass high-sounding legislation with un-
realistic timetables and inflexible deadlines, while
the EPA gets ever greater responsibility and private
industry spends billions more on environmental com-
pliance. In the words of the EPA's former ad-
ministrator. William Ruckelshaus. "EPA's statutory
framework is less a coherent attack on a complex and
integrated societal problem than it is a aeries of
petrified postures."
Tie Public Sector Draft Usfttt

MispcrcepUons of the villains in the pollution sto-
ly abound. Many people fall into a common trip -
that of associating polluters exclusively wife busi-
ness. Many companies do generate tots of pollution.
But the same can be said about government agencies,
hospitals, schools, and colleges.

The EPA lacks the enforcement power over the
public sector that it possesses over the private sector.
Reports of plant closings because of the high cost of
meeting environmental standards are common. In
contrast, there Is no record of a single government
facility closing down because it -was not-meeting
ecological requirements.

It is not surprising that the OAO (General Ac-
counting Office) says thatthe performance of federal
agendas in the disposal of hazardous waste "ha* not
been exemplary.'1 A GAO report issued in 1986 says
that, of 72 federal facilities inspected, 33 were in
violoation of EPA requirements and 22 bad been
cited for Class 1 (serious) violations. Sixteen of the
thirty-three facilities remained out of compliance for
six months or more. Three had been out of com-
pliance for more than three years. A follow-up report
by the GAO in 1987 showed little further progress.
Only four of eleven federal agencies had completed
the identification of hazardous-waste sites and none
had finished assessing the environmental problem*
they had uncovered. Of 511 federal sites failing to
meet EPA standards* only 78 had been cleaned op.

A major offender is the DOD (Department of
Defense), which now generates more than 500,000
tons of hazardous waste a year. That is more than is
produced by the five largest chemical companies
combined. Tne lax situation uncovered by the GAO
at Tinker Air Force Base, in Oklahoma, is typical of
the way in which many federal agencies respond to
the EPA's directives: "Although DOD policy calls
for the military services to., .implement EPA's haz-
ardous waste management regulations, we found that
Tinker has been selling...waste ofl, fuels, and sol-
vents rather than...recycling."



The GAOrtportcd that twoofthe five commercial
waste sites receiving the base** wastes Had major
compliance problems. Also, personnel at Tinker Air
Force Base were dumping hazardous wastes in
landfills that themselves were in violation of EPA
requirements. In one case, the EPA had been urging
theOfclahcmaDepanrnentofHealthforswrriyeai* :
not to renew i landfill's permit In another instance, .
theStateWaterResourcesBoafdwassecUngacourt ,
order to dose the site. Gvilian agencies, including
those in stale and local governments, continue to be -
reluctant to follow the same environmental standards '
that they impose on the private sector. ;

Environmental action is an important
example or not wishing to pay the piper

Federal policy arbitrarily excludes one of the
largest single sources of pollution from the EPA's
effective jurisdiction: the runoff of pesticides and
fertilizers from farms. The EPA reports that in six of
the agency's ten regions, pollution from farms and .
urban streets is the principal cause of water quality •
problems. But pollution from these sources remains •
virtually unregulated, ;

Large quantities of agricultural pollution can be ;
controlled fairly easily at low cost by using limited- '
till plowing techniques. In striking contrast, m-
dustrialpoUutioncontrolhasonenbeenpushedtothe '.
lirrits of economic feasibility. Congress follows a ,
doublestandard:<brurbanandindu5tritHpoQutionit •
requires the imposition of tough standards to qualify i
for permits to discharge wastes. For runl and farm
pollution, the EPA is merely given money to study {
the problem,

Congress wants a cleaner environment. But so far
it has not mustered (he wffl required to impose the
most modest pollution controls on a politically
powerful group of constituents. Farm families also
want a cleaner environment^but it is always nice to
get someone else to pay for your desires.

Economic Solutions to Hazardous W*ste Problems
Turning to specific environmental problems, we

can start with the controversy over the disposal of
hazardous wastes. Instances of toxic-waste con-
tamination at Love Canal, in New York State, sod at
limes Beach, Missouri, have brought a sense of
urgency to the problem. The public mood on the
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subject of hazardous waste leaves littte mom for
patience - but much opportunity for emotional
response.

Emotionally charged responses are encouraged by
the fact that even scientists know liule about the
effects on human health of many toxic substances
such as the various forms of dioxin. The EPA can
now measure levels of some substances in terms of
parts per billion and occasionally per quadrillion, but
even the experts still debate the significance of ex-
posure at those rates. The scare headlines about
chemical health hazards deal with exposures that are
akin to the proverbial needle in the haystack. Actual-
ly, the needle-haystack comparison is much too
modest One part per billion is the equivalent of one
inch in 16,000 miles, a penny in $10 million, tour
drops of water in an Olympic-size pool, or a second
in 32 years.

The most severe reaction to dioxin reported so fcr
by humans is a bad case of chloracne, a severe acne-
like rash. The bulk of the available information on
dioxin and other hazards is based on extrapolating
from data on animal experiments, which is very
tricky. Most tests on animals are conducted at ex-
tremely high concentrations of the suspected ele-
ment, which do not reflect real-world conditions in
which the animals (or humans) live. Scientists note
that the massive doses that are fed the animals over-
whelm their entire bodies. A level of exposure that
is harmful to one type of animal m ay not be injurious
to another. The lethal dose of the most toxic dioxin
(2,3,7,8. TCDD) for hamsters is 5.000 times higher
than that for guinea pigs. Extrapolating the results to
humans involves even more conjecture. Still, our
hearts must go out to the people in Times Beaoh.
Missouri, and in Love Canal, New York, who have
suffered severe financial and psychological damage
fnm the emotional responses »the scare stories they
have seen and heard so frequently.

In trying to avoid a repetition of these situations, c
the EPA has promulgated detailed regulations onhow
polluters must keep track of hazardous wastes and
how they should dispose of them. Because of grow-
ing public concern over leaky and dangerous dump
sites, Congress in late 1986 extended and expanded
Superfund, the program designed to clean up hazard-
ous-waste sites. The law requires companies and,
ultimately, consumers, to pay $9 billion into Super-
fund by 1991. Yet, despite all this effort and atten-
tion, the problem of how to dump hazardous wanes
is scarcely less serious than it was in I9&0, before
Congress passed the original Superfund law.

O
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A$ ft stands, the law provides for I large fund

raised primarily through taxes on producers of
chemical and petroleum products. The EPA use* this
money to identify and clean up hazardous waste sites.
But Hole progress is made because, as we noted
earlier, there is a severe shortage of dump sites,
EcoftoaJc IftctBtf m Needed

A more clearheaded view of waste disposal
problems Is needed in the United States. Because
definitions vary among levels of government, es-
timates of the amount of hazardous waste disposed
of each year in the United States range from 30
million to 264 mffljon metric tons. Most of this waste
is buried in landfills because incineration, the safest
and most effective means of disposal, is nearly tea
times as costly. Even so, government and industry
spend more than $5billion each year to manage toxic
wastes. The annual cost by 1990 is projected to reach
SUbmion,

Rivers from coast to coast that
were nearly devoid of life
teem with fish once again

Many experts believe that using landfills is in-
herently unsafe, if for no other reason than that they
are only storage sites. Moreover, there are not
enough of them. The EPA estimates that 2&000
waste sites DOW exist in the United States, and fully
ten percent of them are believed to be dangerous and
leaking.

The result; not enough reliable environmentally
safe places to dump toxic substances. Although the
EPA wants to clean up as many landfills as possible,
it has very little choice as to where to put the material
It removes under the Superfund mandate. Taxpayers
may wind up paying for the costly removal of waste
from one site, only to find later on that they have to
pay again for removing It from yet another dangerous
rite.

Meanwhile, legal fees mushroom. The litigation
costs involving cleanup at the various Superfund sites
are estimated to run somewhere between $35 bUKon
and $6.4 union.

Eventually, society wOl have to face the main
reason for the scarcity of hazardous waste sites - the
"not in my backyard" syndrome. Sites for the dis-

posal of toxic substances have joined prisons and
mental hospitals as things the public wants, but not
too close by.

The hazardous-waste disposal problem is not
going to disappear unless Americans adopt less pel*
luting methods of production and consumption.
Until then, greater understanding U needed on the
part of the public, as is a willingness to come to grips
with the difficult problems arising from the produc-
tion arid use of hazardous substances, ft will cost
large amounts of money (jprobaWy in the hundreds of
billions of private and public expenditures in the next
decade) to meet society's environmental expecta-
tions. Spending money may be the easiest part of me
problem. Getting people to accept dump sites in tbeii
neighborhoods is much more difficult.

77* answer surely is an appeal not merely » good
citizenship, but also to common sense and self-inter-
est In a totalitarian society, people who do not want
to do something the government desires are simply
forced to do so. with the threat of physical violence
ever present to a free society with a market
economy, we offer to pay people to do something
they otherwise would not do. Tht clearest example
in modem times is the successful elimination of Ihe
military draft coupled with very substantial increases
in pay and fringe benefits fbr voluntarily serving in
the armed forces.

Individual citizens have much to gain by opposing
the location of hazardous waste facilities near them,
and there Is a basic logic to their position. It i* not
fair for society as a whole to benefit from a new
disposal site, while imposing most of the costs (rang-
ing from danger of leakage to depressed property
values) on the people in the locality. But local resU-
tance to dealing withhazardous wastes imposes large
costs on society as a whole. Those coa* are in me
form both of inhibiting economic progress and
having to ship waste from one temporary site to
another.

Individual interests and community concerns can
be reconciled by the use of economic incentives. 71>e
idea is to look upon environmental pollution not as a
sinful act but as an. activity costly to society and
susceptible to reduction by means of proper incen-
tives. After all* the prospect of jobs and income
encourages many communities to offer tax holidays
and other enticements to companies considering the
location of a new factory - even though it may not
exacltly improve the physical environment of the
region Under present arrangements, however, there
is no incentive for the citizens of an area to accept a



cite for hazardous wastes in their vicinity, Co matter
how safe it it.

Some areas might accept such a facility if the state
government (financed by all the citizens benefiting
Stem the disposal facility) would pay for something
ihc people in that locality want but cannot afford -
such as a new school building, firehouse, or library,
or simply lower property taxes. Unlike an industrial
factory, a hazardous-waste facility provides few of-
fsetting benefits to the local resident to the fonn of
Jobs or tax revenues. Government can do a lot to
improve environmental policy In other ways. The
EPA could reduce the entire hazardous waste prob-
lem by distinguishing between truly lethal wastes-
which should be disposed of with great care-and
wastes that contain only a trace or minute amounts of
undesirable materials. To the extent that this would
require changes in legislation, the agency should t -*;e
Congress to make them. *

The Department of Defense now
generates more than 500,000

tons of hazardous waste a year

The experience of a company in Oregon provides
insights into why Congress needs to legislate com*
mon sense into the antipollution laws. The firm has
been dumping heavy*metal sludges on its property
for over 20 years. Company officials told the OAO
that they automatically classify the material as haz-
ardous. Why? Because it would be too oostly and
time-consuming to try to prove that U was not The
GAO learned ftom several industry associations that
other companies, similarly uncertain and wanting to
avoid expensive testing com, simply declare their
wastes to be hazardous, whether they really are
dangerous or not That is not the only example fa
which those complying with environmental regula-
lions lose sight of the fundamental objectives to be
net
TfecUt&g First Tblags Tint

A 1987 EPA report concluded that the agency's
priorities "do not correspond weHM with its rankings
by risk of the various ecological problems on its
agenda. The agency *a own study found aztas of high
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risk but tittle regulatory effort A key example is
runoff of polluted water from farms and city streets.

Conversely, the study showed that areas of "Mgh
EPAeffortbutrelatively low risks" included manage-
mentofhazardous wastes, deanupof chemical waste
dumps, regulation of underground storage tanks con-
taining petroleum or other hazardous substances, and
municipal solid waste. The reason for Oils mismatch
between needs and resources is obvious. TfteEPA's
priorities are set by Congress and reflect public pres-
suxemoit than scientific knowledge. Drivlenbytbe
forces of environmental politics, the nation has
repeatedly committed itself to goals and programs
that are unrealistic. This has meant deploying
regulatory manpower unwisely and diverting limited
resources to concerns of marginal importance.

The results of this mismatch are substantial. Not
all hazards are created equal Some disposal sites are
being filled with innocuous material while truly
dangerous substances are or wfll be, for lack of space,
dumped illegally or stored "temporarily." What
would help is more widespread application of the
legal concept known as de mlnbnis non curant fax-
the law does not concern Itself with trifles.

Back in 1979, a federal circuit court supported the
view that there 1$ a de minimis level of risk too small
to affect human health adversely. It cited that
doctrine in turning down the claim that some "migra-
tion" of substances occurred from the packaging into
tte food product In 19S5, the PDA concluded that
using methylene chloride to extract caffeine from
coffee presented a de minimis risk. The substance Is
safe for its intended use. In 1987, the National Re-
search Council recommended that the EPA apply a
"negligible risk" standard across the board in deter*
mining how much of which pesticides can be per-
mitted to show up in food.
Caneerpbobla MfeaDocatt* Reworea

One approach to eliminating the gridlock in
regulatory policy is to focus on the underlying public
concern that is driving the pressures for more sweep-
ing environmental and other social regulation. That
concern is the worry about cancer. The regulatory
waters have become badly muddied by the public's
misconception of the causes of cancer. A widely held
notion is that the environment is primarily respon-
sible. There is, of course, a germ of truth to that
beiiet

ft turns om mat several years ago a distinguished
scientist - John Higjjnson, director of the World
Health Organization's International Agency for Re-

O
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aearch on Cancer - assigned the prim ary blame tor
cancer to what he labeled "environmental" ousts.
His highly-publicized finding that two-thirds of all
cancer was caused by environmental factorsprovided
ammunition for every ecological group to push for
tougher restrictions on an sorts of environmental
pollution.

Upon a more careful reading, it is clear that the
eminent scientist was referring not to the physical
environment but to the age-old debate of "environ*
mem" versus "heredity* as the main Influence on
human beings. In the case of cancer, he was identify-
ing voluntary behavior- such as personal lift-styles
and the kinds of food people eat- as the main culprit
responsible for cancer. Higginson specifically
pointed out "But when I used the term environment
I n those days, I was considering the total environ-
ment, cultural as wen as chemical...tir you breathe,
the culture you live in, the agricultural habits of your
community, the social cultural habits, the social pres-
sures, the physical chemicals with which you come
in contact the diet, and so on." But that explanation
has not slowed down the highly vocal ecology groups
who latched on to a "catchy" albeit confused theme-
the extremely carcinogenic environment in which
Americans supposedly live.

More recently, one university scientist tried to add
some objectivity to the cancer debate by quantifying
the issue. Harry Dcmopoulos of the New York Medi-
cal Center examined why approximately 1,000
people die of cancer each day in the United States.
About 450 of the deaths, or 45 percent, can be at-
tributed to diet Citing the work of Arthur Upton of
the National Cancer Institute, Dcmopoulos noted that
eating more fresh fruits and vegetables and curtailing
At consumption would be most helpful. Clearly,
Obesity is not the type of environmental pollution that
Justifies the EPA'i increasingly onerous standards.

The second major cause of cancer deaths, accord-
Ing to Demopoulos, is the consumption of excessive
quantltitcs of distilled liquour and the smoking of
nigh-tar cigarettes. These voluntary actions resulted
in 350. or 35 percent, of (he cancer deaths. Again,
this is not the environmental pollution that motivates
most ecology activists.

A distant third in the tabulation of leading causes
of canceris occupational hazards, accounting for five
percent of the total Demopoutos believes that this
category may have leveled off and be on the way
down. Ht reasons that many of the cccupadonally
induced cancers are due to exposures two or more

decades ago, when scientists did not know that many
chemicals were capable of causing cancer.

A fourth category, accounting for three percent, is
caused by exposure to normal background radiation,
The fifth and last category of causes of cancer (Ac-
counting for two percent) U preexisting medical
disorders. Tfcese include chronic ulcentive colitis,
chronic gastritis, and the like. The remaining tea
percent of the cancer deaths in the United States are
due to an other causes; It is noteworthy that air and
water pollution and an the toxic hazards that are the
primary cause of public worry are in this miscel-
laneous twpcronu rot rn the 90 percent Govern-
ment policy is unbalanced when the great bulk of the
effort deals with a category of risk that is only some
fraction of one-tenth of the problem.

Hard data can dissipate much of the fear and fog
generated by the many cancer-scare stories that the
public has been subjected to In recent years. Overall,
cancer death rates are staying steady or coming down.
The major exception is smoking-reUted cancer. Ffcr
the decade 1974-1983. stomach cancer was down 20
percent, cancer of the oervix*uterus was down 30
percent, and cancer of the ovary was down eight
percent,

Life expectancy is steadily increasing in the
United States (to an all-time high of75. for those bom
in 1985) and in most other industrialized nations,
except the Soviet Unioa This has led cancer expert
Bruce Ames of the University of California to con-
clude, "We are the healthiest we have been in human
history.** Tnat is DO justification for resting on
laurels. Rather, Ames's point should merely help
lower the decibel level of debates on environmental
issues and enable analysis to dominate emotion in
setting public policy in this vital ana.
A Birth Control Approach to Pofortloo

Over 99 percent of environmental spending by
government is devoted to controlling pollution after
it is generated. Less than one percent is spent 10
reduce the generation of pollutants. For fiscal 1988,
the EPA budgeted only $398,000 -or .03 percent of
its funds. - for "waste minimization." That is an
umbrella term that includes recycling and waste
reduction.

The most desirable approach Is to reduce the
generation of pollutants in the first place.
Economists have an approach that is useful -provid*
ing incentives to manufacturers to change their
production processes to reduce the amount of wastes



created or to recycle them in a safe and productive
manner. <

At we noted earlier, the government taxes
producers rather than polluters, By doing that, the
country misses a real opportunity to curb actual
dumping of dangerous waste. The federal Suptrftmd
law is financed with taxes levied on producers of
chemical "feedstocks" and petroleum plus a surtax on
the profits of large manufacturing companies and
contributions ftom the federal Treasury. Thousands
of companies outside of the oil and chemical in*
dustries wind up paying very little, whether they are
large polluters ornot Contrary to widely held views,
a great deal of pollution occurs in sectors of the
economy other than oil and chemicals. The manufac-
ture of a single TV set generates about one hundred
pounds of toxic wastes.

The pollution tax approach appeals
to self-interest in order to ^
achieve the public interest

Switching to a waste-end fee levied on the amount
of hazardous wastes that a company actually
generates and disposes of would be far more
economically sound than the status quo, This more
enlightened approach would require a basic correc-
tion in the Comprehensive Envi ronmental Response,
Compensation, and Liability Act (or "Superftind").
but it would be a very beneficial form of hazardous*
waste "birth control"
A General Application cf Market laccnthrts

More generally, if the government were to levy a
fee on the amount of pollutants discharged, that
would provide an incentive to reduce the actual
generation of wastes. Some companies would find it
cheaper to change thdr production processes than to
pay the tax. Recycling and reuse systems would be
encouraged. Moreover, such a tax or fee would cover
imports which are now disposed of in our country
tax-free. In short, rewriting statutes, such as the
Superfund law, so that they are more fair would also
help protect the environment-and would probably
tave money at the same time.

Already, some companies are recycling as they
become aware of the economic benefits. One chemi-
cal firm bums 165,000 tons of coal a year atom of
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its textile fibers factories, generating 35,000 tons of
waste in the form of fly ash. The company recently
found a local cement block company that was testing
fly ash as a replacement for limestone in making
lightweight cement blocks. The chemical company
now sells the fly ash to the cement block manufac-
turer. What used to be an undesirable waste by*
product has been turned into a commercially useful
material. The companies arc simultaneously con-
serving the supply of limestone.

A timber company, through its research,
developed a new use for tree bark, the last massive
waste product of the wood products industry. Tbe
firm designed abark processor that made it the first
domestic producer of vegetable wax, an important
ingredient in cosmetics and polishes. A factory in
Illinois had been creating a veritable sea of calcium
fiuoride sludge (at a rate of 1,000 cubic yards a
month) as a by-product of Itsrnanufactureof fluorine-
based chemicals. The company found that the sludge
could be mixed with another waste product to
produce synthetic fluorspar, which it had beenbuytag
from other sources. Recycling the two 'waste
products now saves the firm about $1 million a year.

Incentives to do more along these lines could be
provided in several ways. The producers could be
subsidized to follow the desired approach. In this

. period oflargc budget deficits, that would, of course,
increase the amount of money that the Treasury must
borrow.

A different alternative is to tax the generation and
disposal of wastes. The object would not be to punish
the polluters, but to get them to change their ways. If
something becomes more expensive, business firms
have a natural desire to use less of the item. In this
case, the production of pollution would become more
expensive. Every sensible firm would try to reduce
the amount of pollution tax It pays by curbing Its
wastes. Adjusting to new taxes on pollution would
be a matter not of patriotism, but of minimizing cost
and maximizing profit The pollution tax approach
appeals to self-interest in order to achieve the public
interest

Charging polluters for the pollution they cause
gives companies an incentive to find innovative ways
to cut down on their discharges. These fees would
raise costs and prices for products whose production
generates a tot of pollution. It is wrong to view (his
as a way of shifting the burden to the public, Ite
relevant factor is that consumer purchasing is not
static. Consumer demand would shift to products
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whJchpoIZuteless-becsuje they would cost Je**, To
cuy competitive, high*polluting producer! would
have to economize on poDuti on, ju«M they do in the
case of other costs of production. Since pollution
Imposes burden* oa the environment, it is only fair
that the cwts of cleaning up that pollution should be
reflected m the price of a product whose production
generates this burden.

The manufacture of a single TV
set generates about one hundred

pounds of toxic wastes

Nine countries m Western Europe have adopted
the "poUuierpays" principle. In these nations, poUu*
tton control Is paid fbr directly by the polluting finn
or from the money collected from effluent taxes. The
West German effluent-fee system, the oldest in
operation, began before World War L It has suc-
ceeded in halting the decline in water quality
throughout the Ruhr Valley, the center of West
Germany** iron and steel production. It k also serv-
ing as a model for a more rcccm French effort

Practical problems make changes in pollution
policy difficult In the United States. Both the
regulators and the. regulated have an interest in main-
taining the current approach. Pollution taxes have
little appeal in the political system, particularly in
Congress. ManyrejectapoUutiontaxonphflosophi-
cal grounds, considering pollution charges a license
to pollute." They believe that putting a price on the
act of polluting amounts to an attitude of moral indif-
ference towards polluters. The tendency to look at
ecological matters as moral issues makes it difficult
to adopt a workable approach

Although economists are often accused of being
patsies for the business community, environmental
economics makes for strange alliances. So far, bust-
nest interests have opposed the suggestions of
economists ibr such sweeping changes in the basic
structure of government regulation as using taxes on
pollutton. Despite the shortcomings of the present
system of government regulation, many firms have
paid the price of complying with existing rales. They
have learned to adjust to regulatory requirement! and

to integrate existing regulatory procedures into their
long-term planning.

As any serious student of business-government
relations win quickly report, the debate over regula-
tion is miscast when it is described as black-hatted
business versus white-hatted public interest groups.
Almost every regulatory action creates winners and
losers in the business system and often among other
interest groups. Qean air legislation, focussing on
ensuring that new facilities fully meet standards, Is
invariably supported by existing firms that ate
"grandfathercd" approval without having to conform
to the same high standards as new finns. Regulation
thus protects the Ins" from the "outt.*

Tbere are many other examples of regulatory bias
against change and especially against new products,
new processes, and new facilities. Tough emissions
standards are set for new automobiles, but not fbr
olderones. Testing and licensing procedures fbrnew
chemicals aremore rigorous and tnoroughlyenfbrced
than for existing substances. TOs ability to profit
from the differential impacts of regulation helps to
explain why business shows little enthusiasm for the
use of economic incentives and prefers current
regulatory techniques.

The reform of regulation is truly a consumer issue.
The consumer receives the benefits from regulation
and bears the burden of the costs of compliance in the
form of higher prices and less product variety. The
consumer has the key stake in improving the current
regulatory morass.

READINGS SUGGESTED Br THE AUTHOR
Aroes,Bn»ceN. Six Ctmrrvn Errors Relating to E*vtro*

mental Foliation. Louisville: National Council lor
Environmental Balance, 1987.

R«efe,Craig. Deregulation a*t Environmental Qtiattty.
WestpcruCT: Quorum Books. 1983,

Murray Weldenbaum Is Malllnc Krodt Distinguished
University Professor and director efthe Center for tkt
Study (fAmerica* Business at Washington University.
His most recent books include the third edition <y Bntt-
ness, Governmenti and the Public, The Future of Business
Regulation. a»rf Public Policy Toward Corporate
Takeovers,

TRTQ! P RQ



Exhibit K



, 3>y Section 10 of nn m-.t «if C Murch CJ, 16SIU,
i-mv.. ' -.,entitled ".An act making appropriations for the construction, repair, and preservation of

''"• certain public works on rivers and harbors, and for other purposes," it is provided that

it shall uot be lawful to build or commence the building of any wlmrf, pier, dolphin,

boom, weir, breakwater, bulkhead, jetty, or other structures in any port, roadstead, haven,

., harbor, canal, navigable river, or other water of the United States, outside established

harbor lines, or where no harbor lines have been established, except on plans recommended

; . by the Chief of Engineers aud authorized by the Secretary of "War; and it shall not be

..; lawful to excavate or fill, or in any manner to alter or modify the course, location, con-

•ditioD, or capacity of, any port, roadstead, haven, .hurbur, canal, lake, harbor of refuge,

•.;."••;'••: or inclosure within the limits of any breakwater, or-of the channel of any navigable water

;* !. ^ of the United States, unless the work has been recommended by the Chief of Engineers

' and authorized by the Secretary of AVar prior to beginning the same;

.-, .! ABD WHEREAS, By an instrument, dated Kay lg, 1098, the Seore-
: tary of War granted unto the Franklin Kining Company and the Arca-

dian Copper Company perniisnlon to dump mind from their stamp mills

'.'• into Portage lake (Torch Bay) at Grosse Point, Michigan, within

' certain limits, extending about nix hundred feet from shore, os in-

/ dicated on chart attached to snid instrument, and subject to cer-
tain conditions therein set forth;

! ABD uHEREAS, The Franklin Mining Company ond the Centennial
; Copper Mining Company, successor to the Arcadian Copper Company,

• have now applied to the Secretary of Uar for an extension of the

limits, specified in said instrument of Biny 12, 1898, so as to per-

. . mit the dumping of sand for a distance of about fifteen hundred

-' -feet from shore, within limits described as follows:

:. Beginning at a point 1000 feet due south of trir-ngulatlon
station U, and running in n straight line to n point 1200 feet

.\ due oouth of station X, and thence by continuing oaid lino and
v';'•"! by a broken line following approximately the shore line at a
•••';>. distance therefrom of about 1500 feet to a point about 600 feot

sou,th of the buoy west of Grosne Point;

and as shown in red on the map hereto attached;

£•;.-•• HQff, THEREFORE, This la to certify that, in accordance with the

.-' recommendation of the Chief of Engineers, the Secretary of r?ar horoby>

•r,", gives permission, revocable at v.ill by the Secretary of War, unto the
r̂ £':';;'-;; .said Franklin Uining Company and the Centennial Copper Mining Company,

•v ;*•'•''
i :t •• •'. 'eninrta o a r»i* r. ft £lia A Y*r>nrl 4 «•« f*r\v\nr\*if /*in»i»nn<ir *• r\ Attmr\ tmtid ^T*nin



stamp mills In Portage Lalffi&f at said plfioe, within tho limits shorcn
oon said map, and deacribe^gbove, subject to the following conditions:

1>-—That the dump eBBl be "built out as nearly vertical ac pos-

sible so as to present flUfld "bluff to the bay.
£,---That the top oKSSfhe embankment thua built ahull not extend

beyond the outer line.
3.——That this pej

any infringement of

rian or other prope;

4.——That the

'•oion shall not be understood (is authorizing

frights of others, nor as conveying any ripa-

'ights not already vested in said grantees,

[herein permitted to be done nhall be subject

to the supervision P@ approval of the Engineer Officer of the United

States Army in chaijfifof the locality.

7JITHESS my hanfjgliiB /O^ day of JUHE. 1904.

. Secretary of War.


